Google 


This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world’s books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that’s often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book’s long journey from the 
publisher to a library and finally to you. 


Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non- commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google’s system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google “watermark” you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can’t offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book’s appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 


About Google Book Search 


Google’s mission is to organize the world’s information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world’s books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 


at jhttp : //books . qooqle . com/ 











Digitized by ^.ooQle 



1 


Digitized by ^.ooQle 


THE CHEMICAL NEWS, March 7, 1919 . 


THE 


CHEMICAL NEWS 


JOURNAL OF PHYSICAL SCIENCE. 


WITH WHICH It IMCOBPORA-MD THI "CHEMICAL OAttTTK." 


% Journal of practical Cbcmistrp 

IN ALL ITS APPLICATIONS TO 

PHARMACY, ARTS, AND MANUFACTURES. 


EDITED BY 

SIR WILLIAM CROOKES . O.M., D.Sc 


F.R.S., &c. 


VOLUME CXVII.-1918 


LONDON : 

PUBLISHED AT THE OFFICE, 16, NEWCASTLE STREET, FARRINGDON ST„ 

E.C 4 

AND SOLD BY ALL BOOKSELLERS. 

tl> -CCCXVIII. 


Digitized by 1^.000 Le 



LONDON : 


PRINTED BY EDWIN JOHN UAVKV, 
16, NEWCASTLE STREET. FARRINQDON STREET. 

e.c. 4. 


Digitized by 



TH E CH EMICAL NEWS. 

VOLUME CXVII. 

EDITED BY SIR WILLIAM CROOKES, O.M., D.Sc., F.R.S., < 5 *c. 


No. 3032.— JANUARY 4, 1918. 


THE SAMPLING AND ASSAY OF CHINESE 
TIN. 

By FRANK BROWNE, P.I.C., 
formerly Qonnmaot Analyst, Hongkong. 

Tin it tent to Hongkong from the Yunnan mining district 
to bt further refined in the native foundries. After purifi- 
cation the metal is cast into i cwt. ingots, stamped with 
the quality of the tin, namely. No. i or 3, together with 
the name of the smelter. The No. 1 qaality is usually from 
99*0 to 99 *5 and the No. 3 from 96*0 to 96*5 per cent purity. 

When tin is bought the native firm is approached for a 
lot of 5 to 25 or more tons. The Chinese vendor sets 
aside the appropriate number of ingots, tells the pur- 
chaser be may test them how he pleases, and that when 
the Hongkong Government has passed the tin ss being ot 
the stated quality, the metal must be paid for, and further, 
that after such payment no question arising from inferior 
quality will be conaidered. It was at the unanimous 
request of those concerned that the Hongkong Govern- 
ment undertook the certificating of the metal. 

Ths Sampling. 

The •overnment Analyst is notified by the prospective 
purchaser that some tin is to be examined, and samples 
are thereupon drawn by the former from one-tenth of the 
number of slabs in the lot submitted. With a twist drill 
these slabs are bored, top and bottom, alternately. The 
drilling machine ia a very strong portable kind, to which a 
heavy steel plate has been added to form a base, the 
ordinary support for metal having been removed. When 
thus fitted the drill is placed on the ground, and the slabs 
ca rrie d one by one to the olate are dealt with rapidly by 
the driller sitting slongside. The borings sre collected 
and taken to the laboratory for the assay. The mark 
H A K is then punched on to every slab as a guarantee of 
quality and to prevent substitution. In the event of the 
assay showing that the tin is under the quality vouched 
for, the punch marks are at once removed by a Govern- 
ment officer. 

Ths Fusion. 

The borings are melted together under palm oil at a 
low temperature in an iron ledle. The resulting ingot is 
washed in water containing washing soda, scraped to 
brightness, and filed with a fine file. The melting together 
of the borings has been shown by snslysis to eliminate no 
impurity. A sample of No. 3 quality melted four times 
as described, and assayed after each fusion, gave identical 
figures, and the No. 1 quality after melting has given no 
higher percentage of metal, toed tallow seems to answer 
just as well as the vegetable fat. 


\ 


Ths Allay . 

An exact quantity of 1 grm. of the filings is put into each 
of two flasks, each fitted with a rubber cork and a short 
glass tube, and the two estimations are then performed in 
accordance with the method of assay described by L. 
Parry — u The Assay of Tin and Antimony.** As several 
thousands of these analyses have bpen done by the ferric 
chloride solution recommended by him, considerable ex- 
perience has been obtained of this process. Soma details 
may be useful to those seeking a trustworthy and rapid 
method for tin estimation, which has been found to be 
accurate to 0*1 per cent of metal. The writer can ophold 
every word that Parry says for the ferric chloride titration. 

The hydrochloric acid employed should be of good 
quality, free from sulphurous acid. Any sample showing 
this impurity by Girardin’s stannous chloride test should be 
1 rejected or set aside till free. When performed with care 
: and attention the titrations do not require an atmosphere 
of carbon dioxide. Of course the standardisation of the 
1 ferric chloride solution, and the subsequent assays per- 
formed with it, must be carried out in exactly the same way. 
The metal used for standardising was of 9976 per cent 
purity, determined by ascertaining the total of the impurities 
m a piece of nearly pure metal. It was found that the 
titration figure was the same before and after the standard 
had been melted under palm oil. No estimations of tin 
were done in any burette other than that used for valuing 
the ferrie chloride solution. As in a hot climate the room 
temperature may vary between 13 0 and 30° C., endea- 
vours were made always to titrate both the standard tin 
and ordinary aamples at the same temperature. This could 
not always be done, but it was found that a correction at 
the rate of fo i cc. for to* C. below or above the tem- 
perature at which the volumetric solution was set, gave 
a true reading when 50 cc. ware used. The solu- 
tion was marked always so as to show the final tint 
obtained, thus 40*64 cc. - 1 grm. 99*76 tin titrated to a 
pale colour. 

Probably the absence of any appreciable oxidising 
effect by the air on the titrations was doe to its being 
poeeible with these tins of fixed quality to ran in almost the 
whole of the volumetric solution at once. The opper part 
of the liquid in the assay flask would thus be highly 
coloured, and forms a protective covering to any on- 
attacked stannous solution bslow. Then on again raising 
the flask contents to boiling the two layers mix, and 
repeated experiments have shown there is not soflefent 
exposure to lower the troe content of tin. Of course the 
operation from start to finish most be conducted with oe 
unnecessary dels?. When the quality of the tin sub- 
mitted was found to be between 9f*e and 99*1 for the No. 1. 
and between 96*0 and 96*1 for the No. 3 quality, the smelter 
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wat notified that he wan running the quality too near the 
rejection limit of “ anything under 99*0 or gfi'o rcipec* 
lively, * and improvement invariably followed. 

With the precautions mentioned, it was possible to 
export tin of reliable and uniform quality. Much to the 
satisfaction of those interested in this valuable export 
trade the London Metal Exchange decided that the reeults 
as found in the Hongkong Government certificate should 
be binding on all purchasers, thus placing the tin sales on 
a firm and workable basis. 

Usually Chinese tin dissolves completely in hydrochloric 
acid, but occasionally there is a little black powder which 
obstinately resists attack. After investigation it was found 
that although the ferric chloride solution when run in dis- 
solved everything up, the percentage of tin was not above 
that found when the impurity had been eliminated by the 
usual methods. The amount of black powder was never 
very large, and was mainly antimony. 

Finally, possibly the most likely source of error In tin 
examinations is due to imperfect solution ef the metal. 
Particularly is this the case when the filings have been 
placed in a water or air-oven for several hours. Superficial 
oxidation may then hinder the action of the hydrochloric 
acid, so that minute, very slowly dissolving, particles 
escape observation. The nascent hydrogen evolved by 
these vitiates tbs estimation. 

The above description represents the Hongkong methods 
of tin examination in use tn 1915, since when no informa- 
tion has been received that the processes have in any way 
been altered. 


THE CONSTITUTION AND FUNDAMENTAL 
PROPERTIES OF SOLIDS AND LIQUIDS. ■ 
Part II.— Liquids. 

By IRVING LANGMUIR 
(Continued from vol. cxvi., p. 317). 


The iso-compounds gave practically the same results as 
the normal, No reason is given by Szyszkowslfi for the 
constancy of B or the changes in A. If we deal with 
rather concentrated solutions so that c is large compared 
to A then in Equation 3 we may neglect unity in compari- 
son with c/A. Under these conditions y is a linear 
function of the logarithm of c. This is the relation found 
for acetic acid by Milner, and according to G*bbs’ equation 
this must mean that the amount of fatty acid adsorbed in 
the surface is independent of the concentration. 

By differentiating (3) we obtain — 

dy - -0*434 By -f* .... (4). 

C t* A 

Substituting this in (1) yields — 


„ _ o*434 B 70 c 
* RT c + A 


(5). 


This equation shows us that for very dilute solutions (e 
small compared to A) the amount adsorbed in the surface 
is proportional to the concentration, and is equal to— 


_ 0*434 By 0 c 
H RT A 


( 6 ). 


The amount adsorbed increases more slowly than the 
concentration, and finally when c is large compared to A, 
the surface becomes saturated. The limiting amount 
adsorbed is then — 


9 00 


0*434 B*y 0 
KT 


• • (7)- 


Since B was found to be the same for different fatty acids 
the number of molecules adsorbed per unit area must be 
the same. If we multiply by N (the Avogadro 


* From the Journal oj the American Chemical Society xxxix., 
No. 9. 


number), we obtain the number of molecules per sq. cm. 
The reciprocal of this givea os «*, the area covered by 
each molecule when the eurface it saturated. We thus 
find— 


Os ■ 


RT 

o*434 NB 70 
Taking R — 83*2 x io 6 , N — 6- 06 x io»s, T 
7o-72*5.— 


«s 


— I2-8XIO-*6 


• • (8). 

293*, and 

• • (9)* 


Substituting the value B ■» 0*411 found by Szytzkowski 
we obtain n s ■ 31 x 10- 16 sq. cm. per molecule. This 
value comes reasonably close to the value a 0 = 21*5 x 
xo- 16 found for the higher fatty acids by the study of the 
films on water. The Fact that a& has the ssme value for 
each of the acids from propionic to caproic shows that 
in the more concentrated solutions the molecules in the 
adsorbed surface layer are packed tightly side by side with 
the hydrocarbon chains arranged vertically. 

In the case of very dilute solutions we see from 
Equation 6 that the different acids are ad hoi bed in the 
surface layer in different amounts, these being inversely 
proportional to the values of A (Table II ). The longer 
the hydrocarbon chain the greater the adsorption from a 
dilute solution, although with more concentrated solutions 
the length of the chain is without influence. 

These facts are readily explainable by the new theory of 
surface tension. Let us consider what must be the 
mechanism of these phenomena. In the surface ol a 
sufficiently dilute solution the molecules of the fatty acid 
will be so far apart that they do not influence one another. 
There must be a kinetic equilibrium between the molecules 
arriving at the surface from the interior and those passing 
from the surface to the interior. The rate at which the 
molecules arrive at the surface is proportional to the con- 
centration. The rate at which they pass into the interior 
is proportional to the number in the surface. For equili- 
brium in dilute solutions it is evident that the number in 
the surface must be proportional to the number in the 
interior. This explains the form of Equation 6, which 
merely states that q is proportioal to c and aervea as a 
definition of the constant A. From the above kinetic 
considerations, together with the conclusion that a 
saturated surface layer most consist of a layer one mole- 
cule deep, we thus obtain from Gibbs' equation a rational 
derivation of Szyszkowski's empirical equation. 

The potential energy of a molecule of a fatty acid is 
lower when the molecule is on the surface than when it is 
in the interior. The rate at which molecules pass trom 
the interior to the surface depends primarily on the con- 
centration of the solution, but not on the difference of 
potential energy between the molecules in the interior and 
on the surface. The rate at which the molecules pass from 
the surface back to the interim depends on the number of 
molecules in the surfaee, but is also dependent to a very 
great degree on the difference in the potential energy of 
the molecule in the two states. The phenomena is quite 
analogous to evaporation. The manner in which m, the 
“ rate of evaporation ” of the molecules from the surface 
into the interior of the liquid, varies with the difference of 
potential energy may be calculated from Maxwtli’s dis- 
tribution law. (For further details see Equation 5 and the 
references given in the footnote on page 2254 of Part I. 
of this paper — Jonm. Am. Chem. Soc ., 19x6, xxxviii., 
2221). 

Taking into account the kinetic equilibrium between the 
surface layer and the interior of the solution it may be 
readily shown that the following relation should hold 
between the amount adsorbed in the surface and the con- 
centration in the solution — 



c 


k/* 1 


(xo). 


Here A is the decrease in potential energy which ocettra 
when a grm. molecule of the diaaolved substance passe 
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from the interior of the solution into the surface layer. 
K is a constant. 

Wo may now apply this aquation to tha case of a series 
of solutions of homologous compounds. If A increases 
in arithmetical proportion as we pass from one member of 
the series to the next, then according to (to* the ratio q/c 
will increase in geometrical proportion. By Equation 6, 
qjc is inversely proportional to A, the oonstant tabulated 
in Table II. Combining Equations 6 and 10 we obtain for 
any two members of a homologous series — 


A 

A' 


V-A/RT 

— i 


(II). 


Now the experimental data of Table II. show that A 
decreases in a constant rat*o each time a CH a group is 
added to the hydrocarbon chain. Taking this ratio to be 
3*4, and substituting in Equation 11 gives A’ — A— 3-98 x 
io>o ergs, per grm. molecule, or 710 grms. calories per 
mol. We may thus conclude from the experimental data 
that each CH* added to the hydrocarbon chain of a fatty 
acid increases the potential energy A in very dilute solu- 
tions by the constant amount of 710 calories per grm. 
molecule. This must mean that each CHa added 
occupies a similar position, in regard to the structure of 
the surface layer, as the CHa groups already present. 
Since the range of the forces involved is small compared 
to the sise of the molecules, it must therefore follow that 
each CHa group in these dilute solutions forms a part of the 
surface. In other words, the hydrocarbon chain lies spread 
out flat on the surface of the water. As the concentration 
of the solution increases the molecules become more 
cloeely packed in the surface layer, and finally when 
the surface becomes saturated the molecules are all 
arranged with their hydrocarbon chains placed vert ically. 

We have seen in the case of the higher fatty acids that 
the surface films have no appreciable effect on the surface 
tension until their molecules are packed tightly. With 
the saturated fatty acids they most even be packed so that 
they stand vertically on the surface before affecting the 
surface tension. The lower fatty acids on the other band 
change the surface tension considerably even when the 
number of molecules on the surface is very much less than 
enough to cover the surface with a single layer. 

We have seen in the derivation of Equation 6 that for 
dilute solutions of fatty acids q is proportional to c. 
From Equation 1 this means that dyldc is constant, or in 
other words y is a linear function oil c. We may there- 
fore place — 



F em yo-y (13). 


The number of molecules adsorbed in the surface is N q t 
so the area per molecule is — 

Substituting (12) and (14) in (1) we find — 

F.Na-RT (15). 


(*4>- 


Tbis equation is exactly analogous to the gas law 
pV — RT. The quantity Ne is the area available per grm. 
molecule, and correspond to V. The force F is the force 
with which the film tends to spread over the surface, and 
this corresponds to the gas pressure p. 

With dilute solutions of the lower fstty acids the 
adsorbed films thus follow the laws of ideal gases. From 
the kinetic viewpoint this means that the molecules are 
free to diffuse over the surface and are taking part in the 
thermal agitation (Brownian movement) jost as any gas 
molecule does. 1 be strips of paper on the surf 4ce of the 
water in the apparatus shown in Fig. 6 correspond to 
semipermeable membranes, which allow the water to pass, 
but not the substance in the surface film. 

The magnitude of the forces due to this gas-Uke expan- 
sion of surface film is by no means small. Thus from 


Equation 15 we calculate that at 20* the force F would 
be 4 dvnee per cm. when a ■ 100 x io->* sq. cm. per 
molecule. 

From Fig. 8 we see that io tbs case of the higher fatty 
aside the films do not spread upon the surface in the way 
required by Equation 15. Thus with palmitic acid the 
force F falls to less than 0*2 dyne per cm., when 
a - 23 x 10 - 16 sq. cm., whereas by (15) the force should 
be 17*5 dynes per cm. for this value oil i. (To measure 
the relation between a and F for very small values of Pi 
special balance like that of Fig. 6 but of greater sensitive- 
ness was constructed. By also using a weaker air blast 
it was possible to increase the sensitiveness many fold, so 
that a force of 0*05 dyne per cm. could be measured with 
certainty. Until the force F decreases to about 0*4 dyne 
per cm. or less the curve shown in Figs. 8 — 18 approach 
the borisontal axis, forming s definite angle with it, 
instead of approaching it asymptotically. For still 
weaker forces (0*05 to 0*3 dyne per cm.) a transition 
curve asymptotic to the borisontal axis was sometimes 
observed, but this appeared to be due to some contamina- 
tion of the water surface rather than to the substances 
investigated). 

This means that the film no longer behaves like a gas, 
but rather as a liquid or solid. Adsorbed films in the sur- 
faces of liquids may thus exist in three distinct conditions 
corresponding to the solid, liquid, and gaseous states. It 
is to be expected that the transition from gaeous to liquid 
films may be either continuous (as in the case of the lower 
fatty acids), or discontinuous (higher fatty acids), and that 
under proper conditions, phenomena quite analogous to 
the critical phenomena of gases should be observed. 

Any solid or liquid film must have a certain tendency 
to spread on the surface by giving off separate molecules 
which will follow the gas laws. This tendency may be 
measured as a M surface -vapour -pressure.” With palmitic 
acid and higher fatty acids this pressure is less than 0*1 
dyne per cm. The smallness of this pressure for the 
higher fatty acids must be doe to attractive forces between 
the molecules powerful enough to prevent their separa- 
tion. These same forces tend to prevent the film from 
evaporating from the surface into the vapour phase and 
from going into solution in the water. There are thus 
intimate relationships between the lowering of surface 
tension produced by fatty acids and the vapour pressures 
and solubilities of these substances. These relationships 
will be discussed in more detail in another part of this paper. 

When the solubility or vapour pressure of a surface film 
is not negligible the paper stripe of the apparatus shown 
in Fig. 6 are no longer equivalent to semipermeable mem- 
branes, so that this method fails. It will probably be 
possible by means of Gibbs' Equation 1 or a more 
accurate equation of similar type, to study the relations 
between F and a during the transition from the state of 
liquid films to that of w gaseous ” films. 

Before discussing in more detail the mechanism of 
adsorption in the surfaces of liquids, let us consider some 
additional expeiimental data on the surface tension of 
solutions. 

Tbs surface tensions (at 15 0 ) of a larga number of 
aqueous solutions of organic substances have been 
accurately determined by J. Traube (Ann., 1891, cclxv., 
27—53). His results are given in a form which renders 
them particularly adapted to our present purposes. In 
each case he measured the surface tensions of solutions 
of the following concentrations: — 1, 0*5, 0*25, 0125, Ac., 
grm. molecules per litre. He continued diluting each 
solution until the surface tension became nearly equal to 
that of pure water. In some cases it was necessary to 
dilute to x/1024 mols. per litre. Traube drew the following 
general conclusions from his work on organic substances 
containing hydrocarbon chains with a single active group 
(acids, alcohols, esters, amines, and aldehydes)* 

1. For very dilute solutions the depression of the surface 
tension, y 0 — y (or F) is proportional to the concentration. 
In other words F/c is constant. 
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Substance. Ranfe of V. 

Formic acid. H COO H i— 8 

Acetic acid, CH3COOH x -16 

Propionic acid, C 2 H 5 COQH 1— 64 

Butyric acid, C 3 H 7 COOH 1—128 

Iso-butyric acid, C 3 H 7 COOH 1—128 

Iso-valeric acid, CiHgCOOH 4-256 

Methyl alcohol, CH 3 OH 1—8 

Ethyl alcohol, C 2 H 5 OH 1—16 

Propyl alcohol, C 3 H 7 OH 1—32 

Iso propyl alcohol, C 3 H 7 OH 1—32 

Iso-butyl alcohol, C 4 H 9 OH 1 — 64 

Iso-amyl alcohol, C5H11OH 4 — 128 

Methylacetate, CH 3 COOCH 3 1—32 

Propyl formate, HcOOC 3 H 7 4—128 

Ethyl acetate, CH 3 COOC 2 H 5 2—128 

Methyl propionate, C 2 H S COOCH 3 .. .. 2— 128 

Propyl acetate, CH 3 COOC 3 H 7 8—256 

Ethyl propionate, C 2 H 5 COOC 2 H 5 .. .. 8—256 

Propyl propionate, C 2 H 5 COOC 3 H 7 .. .. 32-1024 

Allyl acetate, CH 3 COOC 3 H 5 8—256 

Allyl alcohol, C 3 H 5 OH 1 32 

Allyl amine, C 3 H 5 NH a 1 —32 

Propylamine, C 3 H 7 NH 2 ' 1 — 32 

Butyl aldehyde, C 3 H 7 CHO 2—64 

Oxy-bntyric acid, C 3 H6(OH)COOH .. .. 2—32 

Acetone, CH 3 CO.CH 3 1 — 32 

Dimethyl-ethyl carbinol, (CH 3 ) 2 (C 2 H 5 )OH . 2—256 

Paraldehyde* C 6 Hi 2 0 3 2 — 64 

Glycol, (CH 2 OH) 2 1—8 

Acetamide, CH 3 CONH 2 1—8 

Oxalic acid. (COOH)a 4—8 

Methyl oxalate, (COOCH 3 ) 2 4—32 

Malonic acid, CO a H.CH 2 .C 0 2 H 4—8 

Succinic acid, CO a H.CH 2 .CH 2 .C 0 2 H .. 4 — 8 

Maleic acid, C 0 2 HCH:CHC 0 2 H . . . . 4-32 

Fumaricacid, C 0 2 H.CH:CH C 0 2 H .. .. 32 

Malic acid, C 0 2 H.CH 2 .CH 0 H.C 0 2 H . . 4-8 

Tartaric acid, C 0 2 H(CH 0 H) 2 C 0 2 H . . 1—8 


«s x **“ I 


<F/c) a . 

B. 


\mL 

•q. cm. 

80 

— 

1078 

1062 

— 

270 

— 

17x0 

X687 

— 

77 0 

0 37 

2290 

23x2 

33*8 

230*0 

0*40 

2910 

2937 

31*2 

240*0 

0 40 

2940 

2937 

3**2 

720 0 

0*41 

3570 

3561 

30 5 

11*0 

— 

1240 

1200 

— 

33 0 

o*39 

1820 

1825 

320 

98*0 

0-43 

2430 

2 4 JO 

29X 

98*0 

0*36 

2430 

245O 

34*7 

310*0 

045 

3080 

3075 

27*8 

9x0*0 

045 

3700 

3700 

27*8 

850 

0*42 

2340 

2345 

29 8 

250 0 

— 

2960 

2970 

— 

2700 

0 42 

3000 

2970 

29 *8 

245*0 

0*44 

2950 

2970 

28*4 

840 0 

>0*41 

3650 

3595 

30*5 

745 0 

>*0-41 

358o 

3595 

30*5 

2050*0 

>0-37 

4x60 

4220 

33*8 

4700 

>0*42 

3320 

3*95 

29 8 

46*0 

0*44 

2000 

2050 

28*4 

510 

0*31 

2060 

2075 

38 4 

1 10*0 

0*35 

2490 

2475 

34*o 

160*0 

0*48 

2710 

2710 

24*8 

530 

0*25 

2080 

2137 

47*7 

62*0 

0 28 

2x70 

2170 

42*5 

5900 

0*33 

3450 

3450 

36*1 

240*0 

0*42 

2940 

— 

284 

2*4 

— 

5^3 

550 

— 

3*8 

— 

740 

740 

— 

2*1 

— 

516 

550 

— 

36 O 

— 

1870 

1800 

— 

12 O 

— 

X280 

1x75 

— 

18*5 

— 

1510 

1800 

— 

83 

— 

1090 

1400 

— 

Ix *5 

— 

1260 

1400 

— 

6*0 

— 

940 

1000 

— 

0*5 

— 

172 

200 

— 


2. The ratio F jc for dilute solutions increases about 
threefold for each CH 2 added to the hydrocarbon chain in 
the molecules. 

3. As the concentration of the solution increases F 
ceases to be proportional to c, but increases more slowly 
than c . 

4. The concentration at which F ceases to be propor- 
tional to c is lower the greater the length of the hydro- 
carbon chain. 

5. At still higher concentrations F increases by constant 
increments (about 8 0 dynes per cm.), each time the con 
centration is doubled. That is, the surface tension de- 
creases in arithmetical proportion while the concentration 
increases in geometrical proportion. 

6. The depression of the surface tension F is expressed 
as a function of the concentration c by the following 
equation : - 

F-/(c/A) (16). 

Here A is a constant characteristic of each substance 
and / represents a function which is the same for all 
substances. 

Traube explained the first of the above conclusions by 
kinetic considerations much as has been done in this 
paper. He either did not attempt to explain the other 
relations or he gave explanations which at present are of 
little value. 

It is interesting to note that in the above conclusions 
Traube anticipates by sixteen or seventeen years most of 
the relations found by Milner and by Szyszkowski. Toe 
present theory of the structure of the surface layer 
furnishes a rational explanation of each of Traube’s con- 
clusions. 


Traube’s results can be expressed fairly well by 
Szyszkowski's Equation 3. This equation may be written 
in the form — 

F = B To log(i ) (17). 

For very dilute solutions, where c/A becomes small 
compared to unity the ratio F/c becomes constant and 
equal to— 

(*) - ?j434 _ By° (,8). 

V c /o A 

On the other hand for concentrated solutions where z/A 
18 large compared to unity, Equation 17 reduces to — 

F - By 0 log c — constant. . . . (19) 

Traube usually started with a grm.- molecular solution 
repeatedly doubling its volume so that the molecule 
volume V was increased through the steps z, 2, 4, 8, x6, r 
&c. The value of F at first decreased by more or less 
constant increments — AF. But as the solution became 
more dilute AF became approximately proportional to z 
as would be expected by equation 18. For concentrated 
solutions where Equation 19 still holds, we thus obtain — 


AF - B?o log 2 (ao). 

Substituting 70 - 72*95, we get — 

B - 0 0454 AF (21)* 


In attempting to calculate B from Traube’s data it was 
found that the range of concentration was usually not 
quite sufficient to allow Equation 21 to be applied with 
accuracy. 
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The equation actually used in calculating B was obtain#! 
by expanding (vj) into a aanaa and combining the raaolt 
with (18) and (ai) at followa : — 

B - 0-0454 AF (i + -|L_) . . . („). 

The oorrection term in the aecond member usually 
amounts to lesa than 10 per cent. 

Similarly it waa found that the valoea F jc given by 
Traube did not quite reach a constant value as the solu- 
tions were diluted. An extrapolation formula based on an 
expansion of (17) was also developed for this case — 

Here B was first calculated by (22). 

Table III. contains values of B and (F /c)o calculated 
for a large number of substances from Traube's data. The 
first column gives the range in the molecular volumes V of 
the solutions used by Traube. The second gives valaes 
of (F/c)o calculated by Equation 23. The next column 
gives values of B by (22). In some cases the maximum 
concentration used by Traube was not sufficient to yield a 
saturated surface. This was shown by a marked lack of 
constancy in the values of dF for the higher concentra- 
tions. In such cases the value of B could oot be deter- 
mined, or at moat only a lower limit for B could be found. 

(To be continued). 


THE NATIONAL EXPOSITION OF CHEMICAL 
INDUSTRIES, HELD IN NEW YORK.* 

By THOMAS H. NORTON, Ph D., Sc.D. 

Wholly apart from its appeal to the eye, but of vastly 
greater importance, was the undercurrent of intense 
aeriooaoeas which sooner or later inevitably forced itself 
upon visitors to the National Exposition of Chemical 
Industries held in New York. In the following analysis 
of the event, the writer integrate its psychological as 
well as its commercial significance, and also gives a 
thorough review of the exhibits and addresses. 

The Third National Exposition of Our Country's 
Chemical Industries, held on the week beginning Sep- 
tember 24, at the Grand Central Palace in New York City, 
was in every way a notable event. 

The first exposition, in September, 1915, was largely 
tentative, but proved to be a distinct success. When its 
s uc ces so r was held in 1916 the number of exhibits was 
doubled and the att en da n c e largely increased. 

In 1917, despite the fact that we are fairly embarked 
upon a war, prospectively the greatest in our national 
history, the exposition proved to be a pronounced advance 
upon that of the preceding year. The exhibitors num- 
bered 315, and the space occupied was triple that of 1915, 
three floors of the vast building being c ov er ed by their 
displays. 

The number of admissions was over 100,000. It was 
estimated that about 25,000 chemists, consumers of 
chemicals, producers of chemicals, and manufacturers of 
the accessories required by the latter were brought together 
by the exposition. 

It was eminently educative, although practical business 
purposes were the chief incentive in the case of moa ex- 
hibitors. As a rule, wbat they displayed in tbeir booths was 
so arranged and labelled or explained by competent atten- 
dants that the layman could easily grasp the economic 
importance of the wares shown. Then origin, tbeir 
relatioo to one another, their usee were all brought out 
dearly, and in moat ioeteaeee attractively and tastefully. 

There was, however, an almost complete absence of 
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the spectacular. An undert on e of great seriousness waa 
evident. Not only the topics of conversation among the 
throngs in attendance, but the character of the exhibits 
and the dominating note in the various addresses and 
lectures all revealed a consciousness that we have entered 
upon an historical epoch destined to test to the uttermost 
the entire fabric of American chemistry as well as American 
ingenuity, adaptation, and inventive skill. 

There was an inspiring cooviction that the chemists of 
our nation are fully competent to deal with the manifold 
problems accompanying this greatest of the world's wars, 
in which we are now about to play a leading part, possibly 
the decisive roU. It is pre-eminenly a war of engineers 
and chemists. Can American chemists show themselves 
fully equal to the chemists of Europe in evolving methods 
of offence and means of defence ? 

The booths of the exposition contained the answer. 
They revealed to the eye the wonderful accomplishments 
of the past three rears. They showed how swiftly and 
how effectively it has been poeiuble to create on American 
soil the manufacture of a multitude of products, for which 
a few moo the ago we were entirely dependent upon 
European sources. The aye rested frequently upon the 
imposing mechanical appliances requisite for the life of 
new-born chemical industries. 

Leaders of American chemistry poortrayed eloquently 
how we have become a giant purveyor of powerful explo- 
sives ; how we are dealing with a multitude of problems 
intimately associated with war in the air and beneath the 
ocean's waves as well as in the trenches. 

The intelligent and patriotic citixen could not leave the 
halls of the exposition without the profound oonviction 
that our chemists form a first line of national defence, 
that without their whole-hearted far-reaching co-operation 
the power of the legions wa send across the Atlantic 
would be sadly crippled. 

In analysing the exposition more in detail there was 
general recognition of the leading roU played by the coal- 
tar chemical industry. Its products were shown in 
abundance upon every band. Thev lend themselves 
admirably to effective displays for the eye, and they re 
vealed in a coocrete form the marvellous creation during 
a few months of what will constitute permanent factors 
in our economic structure. 

Next in interest came the varied mechanical devices 
provided for the chemist to accomplish his wonders. 
There is little doubt but that the confidence and assur- 
ance felt by our chemists in facing the numerous problems 
of to day and of the morrow is vastly reinforced by the 
realisation of the equal ability of our engineers to furnish 
the most varied equipment for their needs. 

Closely associated in this connection was the evidence 
of the success recently following A me ican enterprise in 
making horn American materials the many diverse articlee 
in glass and porcelain needed constantly by the chemist, 
but obtainable hitherto only from Germany. In this 
category falls also the fine quality of optical glass now 
made in the United States. 

All in all the exposition waa thoroughly worthy of the 
nation's swiftly expanding industry, in which so many 
millions have been invested these past three years. It 
waa eminently satisfactory to the economist, revealing the 
degree to which we are emancipating ourselves from 
foreign dependence. Finally, it was inspiring to the 
intelligent and patriotic citixen, outlining clearly one of 
the potent factors for success in the war before us. 

Ths Exhibits. 

It is impossible to present more than a very cursory 
mention of the many exhibits of distinct value to those 
interested in coal-tar chemistry. 

To a certain extent something of value, something 
suggestive sod helpful, might be found in nearly every 
display. This was esp e cially true of the many exhibits 
of machinery and other a c cessories required in ebemlcal 
plants. 
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It seems, however, desirable to groap together those 
exhibit* which revealed in a very striking manner the 
present stains of coal-tar chemistry in the arts, and the 
tremendous advance made during the past two or three 
years. Enough detail is furnished in connection with the 
name of each company exhibiting to give a fair idea of 
the extent and variety of its operations. The list includes 
all exhibitors engaged in the production of coal-tar crudes, 
in the refining of the crude products, in the transformation 
of such crudes into intermediates, and in the manufacture 
from such intermediates of finished dye-stuffs, medicinals, 
and other allied substances. It includes, further, the 
exhibits of natural dyes and of the leading firms supplying 
the special mechanical equipment of the plants devoted 
to coal-tar chemicals. 

In their entirety these exhibits formed the most 
striking feature of the exposition and attracted general 
attention. 

The Barrett Co ., New York. 

The exhibit of this company was one of the most 
attractive and instructive in the whole exposition, showing 
the great range and variety of the current commercial 
products isolated from coal-tar. The list of these crude 
and refined substances is given in full in order to convey 
an adequate idea of the extent to which differentiation 
has been carried in the primary stage of the coal-tar 
chemical industry for the purpose of meeting a multitude 
of well-defined economic needs: — Benzol, pure; benzol, 
ioo per cent ; benzol, 90 per cent ; benzol, 50 per cent; 
benzol, straw colour ; toluol, pure; toluol, commercial; 
toluol, straw colour ; xylol, pure ; xylol, commercial ; 
solvent naphtha ; crude solvent naphtha ; hi-flash naphtha ; 
crude heavy solvent naphtha ; No. 10 naphtha ; heavy 
naphtha ; pyridine, denaturing ; pyridine, commercial ; 
heavy solvent oil ; shingle stain oil ; special heavy oil ; 
special heavy oil, grade 2 ; neutral hydrocarbon oil ; 
creosote oil; crude carbolic acid, in 8 grades; dip oil; 
phenol, U.S.P., natural; phenol, U.S.P., synthetic; cresol, 
U.S.P. ; refined cresyltc acid, No. 5 ; ortho cresol ; para- 
cresol ; meta cresol ; xylenol ; naphthalene, flake, small 
balls, large balls, crushed, powdered, granulated, rice, lump, 
one ounce cakes, square tablets, and round tablets ; cryst 
alba ; anthracene (crude), 25 per cent ; anthracene, 40 
per cent ; anthracene, 80 per cent ; carbazole ; phen- 
anthrene ; pyxol ; tarola, X ; special cresol compound ; 
disinfecting powder ; disinfectants, coefficients 2 to 20. 

Quite recently the company has taken up the manu- 
facture of various intermediates and medicinal com- 
pounds. The exhibits in this field were : — 

Paracumaron resin ; para - amido-pbenol ; nitro- 
naphthalene ; alpha-naphthylamine ; resorcin, technical ; 
resorcinol, U.S.P. ; salicylic acid, U.S.P. ; sodium 
salicylate, U.S.P. ; methyl salicylate, U.S.P. ; salol, 
U.S.P. ; salicylimide. 

In the 30 different plants of the company over 200 
distinct chemical products are now currently manu- 
factured. Great quantities of benzene and toluene are 
furnished under contract to the Allied governments to use 
in making munitions. 

The Barrett Company has been the chief organisation in 
this country to perfect the methods of separating the dif- 
ferent constituents of coal-tar, and to popularise the use 
of the varied products in almost numberless directions. 
It is to the efforts of this company, extending back for 
years, that our synthetic chemists found it possible since 
1914 to secure promptly large amounts of coal-tar crudes, 
refindd to the requisite state of purity, as they laid the 
foundation for an American dye-stuff industry, and for the 
production of numerous medicinals. Synthetic phenol 
was made by the Barrett Company some ten years ago, 
although no effort was then attempted to place it regularly 
upon the market. 

An impressive feature of the exhibit was a large wail 
chart showing the genealogical derivation of the leading 
products resulting from the destructive distillation of coal. 
Samples of these products, in vials of uniform size, 


accompanied the various names on the chart, which 
numbered slightly over 200. The realistic diagram is of 
pronounced educational value, and could most helpfully 
be employed in every school of science specialising in 
coal-tar chemistry. 

Th e American Coal and By products C ke Co., Chicago . 

This company bad an interesting exhibit of the plans 
and materials used in the construction of the Roberts 
flueless coke-oven. The impoitance of this oven, as per* 
mitting a vastly enlarged utilisation of numerous deposits 
of bituminous coal, hitherto regarded as valueless for 
coking purposes, has attracted widespread attention. Aa 
the only by-product coke-oven of purely American origin 
it promises to solve urgent problems connected with the 
satisfactory and economic distillation of many forms of 
sjft coal, now untouched for this purpose, and also of the 
enormo**.8 deposits of lignite in our Western States. The 
company displayed a tasteful array of coal-tar crudes and 
their derivatives coming from the plant at Canal Dover, O. 

The H . Coppers Co., Pittsburgh , Pa. 

An instructive exhibit was made of the details of con- 
struction of the coke-ovens installed by this company at 
various points, and contributing largely to our current 
supply of coal-tar crudes. The immediate products of 
coking were shown m a well arranged set of samples. 

The United Gas Improvement Co ., Philadelphia. 

An extensive seiies of refined coal-tar crudes was shown 
by this company, which manufactures on a large scale all 
of the products obtained directly from tar. The pure 
compounds included benzene, toluene, xylene, and 
naphthalene. The manufacture from the latter of phthalic 
anhydride has recently been installed, and a daily pro- 
duction of 200 lbs. has been attained. Other exhibits 
were crude phenol, solvent naphthas, heavy naphthas, 
dead oil, creosote oil, paving and roofing pitches, road 
compounds, &c. 

The Semet-Solvay Co., Syracuse , N.Y . 

One of the most attractive features of the exposition 
was the finely arranged display of the company’s products 
obtained from coal-tar. These included the hydrocarbons 
and the high explosives picric acM and trinitro-toloene 
derived from them ; phenol and such derivatives at 
salicylic acid, methyl salicylate, acetylsalicylic acid, Ac. 
The relationship of the various compounds to coal was 
shown on several tables holding sample bottle with arrows 
indicating the different changes as the result of chemical 
change. The whole exhibit was unusually instructive, 
and illustrated the growing tendency among manufacturers 
to present the basic facts in their processes so elearly and 
simply that they may easily be grasped by the non- 
scientific mind. 

This organisation has contributed much to the rapid 
expansion of the coal-tar chemical industry by its intel- 
ligent handling of the crude material controlled by it in 
large amounts in connection with the establishment of 
Semet-Solvay by-product coke ovens. The company now 
operates twenty-one plants under its system, and claims 
to be the largest individual producer in the world of coal 
distillation products. It has not attempted to manufacture 
a great variety of compounds, but a limited number have 
been produced upon a very extensive scale. Sulphur 
black is the only dye-stuff which the company has 
manufactured. 

The National Aniline and Chemical Co. t Inc., New York . 

The exhibit of this company attracted general attention 
from the fact that it is the largest single factor in the 
American coal-tar colour industry. It represents a con- 
solidation of various interests, producers of • coal-tar 
crudes, of intermediates, of synthetic colours, and of the 
chemicals required in the various stages of manufacture, 
which will enable it to develop along numerous special 
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lioN at a minimum of cote of production. ▲ few months 
ago it was organised by the merging together of the fol* 
lowing companies Schoellkopf Aniline and Chemical 
Works, Inc., Buffalo ; W. Beckers Aniline and Chemical 
Works, Inc., Brooklyn; National Aniline and Chemical 
Co., New York; Bcnsol Products Co., Marcos Hook, 
Pa. ; Standard Aniline Products, Inc., Wappingers’ Falls, 
N.Y. ; and also certain plants and properties of the 
General Chemical Co., the Barrett Co., and the Semet- 
Solvay Co. 

The extensive exhibit included a number of different 
categories, and covered nearly the whole range of coal- 
tar products. They are given in detail, as illustrating in 
a striking degree the wide diversity of output of oor 
leading producer of artificial dyes and its lack of 
dependence upon outside sources for the materials 
employed. 

Cod-tar chemicals y used in textile or other industries : — 
Aniline oil, aniline salt, 0 -naphthol, cresol, phenol, 
diphenylamine, dimethyl-aniline, hydroquinone, meta- 
phenylcne diamine, meta-toluylene diamine, naphthylene, 
nitro-bensene, paranitranilioe, paramidophenol, para- 
phenylene diamine, phenol, phenyl ethyl alcohol, resorcin, 
sodium benxoate, thiocarbaniline, thiocarbtoluide, thio- 
carbxylide, bensaldehyde, bensyl acetate, bensyl 
benxoate, bensoic acid. 

IntermedUtes, used chiefly in making synthetic dyes : — 
Amido-salicylic acid, bensidine, chromotropic acid, 
dinitro-benxene, dinitro-toluene, G salt, H acid, Koch 
add, mctanilic acid, N W acid, napbthol-i sulphonic acid 
(i : 5), ortho- toluidide, pbenyl-hydrasine-solphonic acid, 
paramido-acetaniline, phenyl acid, picramic acid, pseudo- 
comidine, R salt, sulphanilic acid, Schaeffer salt, 
xy Udine. 

Direct aniline colours f for cotton, union goods, Ac. : — 
Brie Black GXOO, Niagara blue aB, Niagara dark blue 
3R, Niagara blue D B, ammaco direct bloe 3B, Erie 
brown C, Erie brown G R, direct brown T, Erie green 
W T, ammaco direct green W B, Erie green M T, Erie 
oraoge aR, benso purpurine 4B W, Congo red 4B, 
Niagara garnet R, ammaco piimulme W B, Niagara 
violet B W, Niagara fast yellow F, Niagara yellow K M, 
ammaco chloramine yellow W B, ammaco delta red aB. 

Sulphur colours , for cotton, fast to washing, cross- 
dyeing, Ac. : — Sulphur black F cone paste, solphur black 
sap powder, salphur bloe paste, sulphur bloe sap, sulphur 
direct navy bloe, sulphur brown au, sulphur brown sap, 
sulphur brown W F, sulphur brown L Y cone, sulphur 
gre e n sap, solphur yellow B W, sulphur khaki, all 
shades. 

Acid colours , for wool, silk, leather, lake making, Ac. : 
— Buffalo black, N B R, Buff lo black 10B, Buffalo black 
8B, Buffalo black 3G, Buffalo black R B, ammaco acid 
black T R, Boffato black A R, acid black 4A B, Buffalo 
fast blue R, Buffalo cyanone 3R, indoline, resorcin brown, 
fast brown, ammaco acid green L, orange A cone, orange 
S cone, orange aG crystals, brilliant scarlet 3R, xy Udine 
scarlet, fast red S cone, scarlet B R, axo robine extra, 
Buffalo fast crimson R. sxo Bordeaux, Buffalo fast 
foebsine D, Buffalo fast fuebsine G, Buffalo fast euebsine 
R, Buffalo fast fuebsine 6B, wool red 40F, cloth red G. 
cloth red R, eroceine scarlet moo, lanacy) violet M, acid 
violet, Buffalo violet 4B, Buffalo fast violet B, wool 
yellow ex cone, axo yellow A 5 W, metanil yellow 1955. 

Bade colours , for leather, paper, lake making, cotton 
printing, Ac. : — Brush blacks, methylene blue B S cone, 
ammaco basic navy blue D A cone, Bismarck brown Y 
ex, Bismarck brown 53, ammaco Victoria green W B. 
chryaoidine Y ex, ebrysoidine 3R. safranine A, ammaco 
saf ranine B L, methyl violet. 

Chroma colours , for wool, fast to light, fulling, Ac. 
Buffalo chrome black aB N, ammaco chrome black, B N. 
alixarol black 30, alixarine bloe G, alixarine datk bloe 
G N, alixarine dark blue R B N, alixarine bright bloe 
aR Y N, eeriebrome bloe R, alixarol brown B, alixarol brown 
R B, aarichrome green B, Buffalo chrome green C B, 
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ammaco alixarine orange W B, ammaco alisaftne yellow 
331, alixarol yellow )t. 

Certified colours , tor food products, confectionery, Ac. : 
—Amaranth 107, ponceau 3R 56, orange 1 85. tartrsxine 
94, sodium indigo, disulpbonate 69a, Ceylon red, Sultan 
red, Bormah red, Coralline red, Rajah red, raspberry red, 
strawberry red, Brasil brown, Caracas brown, Maracaibo 
brown, deep chocolate, yellow colour, egg shade ; Tokio 
orange, Tangier orange. 

Miscellaneous colours , Nigrosines, water and spirit 
soluble Oil black, ebrysoidine base, Victoria green, 
base, oil colours, fur black, fur brown. 

Most of the colours were accompanied by handsome 
specimens of their uses on different textiles, leather, Ac. 

The company has branch agencies in twelve cities, and 
is steadily increasing the number of its tinctorial products. 
It is in an admirable position to present a bold face to 
foreign competition when the time arrives in the early 
future. 

It is not easy for the layman, or even for the average 
chemist, to realise adequately the full extent to which our 
textile and many allied industries are indebted to the above 
organisation and its component parts for diminishing by 
wonderful energy and skilful utilisation of available 
materials the pinch of our dye-stuff famine. 

The Central Dye-stuff and Chemical Co., Newark , N.J. 

Thu company has been an important factor in laying 
the foundation of the American artificial colour industry, 
its origin dating back to 1898- It has specialised in axo 
dyes, and its products have been of great value in meeting 
the pressing demands of the past three years. The cur- 
lent output was displayed in a most attractive manner, 
and included the following colours Fast red, orange G 
and Y, erythrine, benxopurpurine B, naphthol blue, 
scarlet aR, methyl violet 3B, ebrysoidine X, diamine blue 
aB, axo rubine, claret red R B, Bismarck brown R and Y, 
amaranth, chrome black, fast acid red 6B G, amido black 
B, wool orange G, wool scarlet 4R, Bordeaux, lake violet, 
lake scarlet, lake brown, lake orange, roccelline, methylene 
blue, wool claret, indoline, various nigrosinee, and 
numerous oil colours. The company is one of the leading 
producers of ^-naphthol and exhibited this compoood, as 
well as a- naphthol and a-naphthylamine. Sample dyeings 
of all the colours were present in abundance, and the entire 
display gave admirable evidence of the energetic manner 
in which the older coal-tar colour firms are extending the 
range of their operations. 

Consolidated Colour and Chemical Co ., Newark , N.J. 

This company manufactured a few colours on a re- 
latively small scale before the war. It has not increased 
greatly the variety of its output, but is producing very 
large quantities. It displayed methylene blue, methyl- 
orange, chromotropc, alizarine brown, acid yellow, cotton 
yellow, chrome black, chrome bloe, chrome yellow, 
Victoria leather oil, and a variety of sulphur dyes. 
Sample dyeings accompanied each colour. 

Harden , Orth , and Hastings Corporation , New York . 

This firm had a very tastefully arranged display of the 
products made in ita seven factories, which included a 
large number of general chemicals, especially such as are 
required by dyers and tanners. The firm has branched 
out extensively into coal-tar products, and showed the 
following : — 

Coal-tar Crudes and Intermediates .- Aniline oil, aniline 
*»alt, bensidine base, bensidine sulphate, bensol, $- 
naphthol, cblor-bensol, dichlor-benxol, dimethylaniline, 
dinitro - napbthyiine, dinitrophenol, hydroquinone, 
naphthalene, naphthionic acid, nitro-bensol, nitro-toluol, 
paraniuaniline, phenol, picric acid, salicylic acid, aalol, 
Holpbanilic acid, toloidine mixture, toluol, xylidine, ortho- 
oluidine, para-toluidine, sodium naphtbionate, sodium 
salicylate sodium sulphanilate. 
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Acid Coburs,— Acid black, acid blue, acid green, acid 
red, fast ; croeeine scarlet, orange Mo. 2, metanil yellow, 
add yellow, aao orange. 

Basic Colours, — Bismarck brown Y, chryeoidine Y, 
malachite green, methylene bine, methyl violet, nigrosine 
bine (water and spirit soluble), nigrosine jet (water and 
spirit soluble), Victoria blue S. 

Chrome Coburs , — Alisarin yellow R W, khaki No. 1 
(for wool), anthracene acid brown O. 

Direct Colours, — Direct black, Congo red, chrysamine 
O, direct blue, benzo brown G, benzo orange R. 

Sulphur Colours,— Sulphur black, sulphur brown, sul- 
phur yellow, sulphur blue, sulphur olive green. 

Oil Soluble Coburs,— Oil black, oil blue, oil brown, oil 
green, oil jet, oil orange, oil red III., oil red IV., oil 
scarlet, oil yellow, oil yellow D, oil yellow T. 

The extraction of vegetable dyes is one of the company’s 
specialities, and it introduced into general use aurantine 
paste and powder, obtained from our domestic osage 
orange. It exhibited the following. 

Dyswood Extracts .— Logwood chips, logwood extract, 
hematine paste, hematine powder, hematine crystals, 
aurantine paste, aurantine powder, cutch, fustic extract, 
quercitron extract, sumac extract, cutch extract, hypernic 
extract, khaki No. 2 (for cotton). 

The numerous samples, illustrating the use of the 
above colours, were grouped very effectively. 

(To be continued). 

PYRITES MINED IN THE UNITED KINGDOM. 

PuRCHASB BY THB MINISTRY OP MUNITIONS. 

It is officially announced that the Ministry of Munitions 
is prepared during the period of hostilities to purchase 
iron pyrites mined in the United Kingdom. 

The pyrites must contain not less than 37} per cent of 
sulphur and not over 1 per cent of arsenic. The price 
payable will be 351. per ton of pyrites f.o.r. for quantities 
of not less than one truck load ; but the Minister reserves 
the right to revise the price after 31st December, 1918, or 
if over 5000 tons are delivered from one deposit before 
that date the price may be revised in respect of further 
deliveries from such deposit forthwith. 

In the first instance samples of all ore tendered will be 
selected by the local agent of the Ministry, and if, upon 
analysis, the ore proves suitable, payment of 75 per cent 
of the amount of the purchase price for each consignment 
will be made on receipt of the railway company’s certificate 
that the pyrites has been put on rail. The balance will be 
paid within sixteen days of the receipt of correct 
accounts. 

Producers can obtain detailed particulars on application 
to the Department of Explosives Supplies, Storey’s Gate, 
Westminster, S.W. x. 


Food Production. — The weekly pamphlets issued by 
the Food Production Department of the Board of Trade 
give practical and up-to-date information on questions 
of stock feeding, crop growing, seed testing, Ac. Special 
attention is paid to the work of the tractors, and most 
satisfactory reports of progress are made. Notes are 
frequently given dealing with the work of women on the 
land to which the most enthusiastic praise is accorded, 
and the pamphlets will be of considerable value to farmers 
and allotment holders. The information will occasionally 
be found of interest to the public, as, for example, the 
details of the price, Ac., of fruit and vegetable preserving 
jars, which should be secured in good time so that none 
of next season’s crops may be wasted. 


PKOCKEDINGS OF SOCIETIES- 

ROYAL SOCIETY. 

Ordinary Meeting, December 13, 1917. 

Sir J. J. Thomson, O.M., President, in the Chair. 

Papers were read as follows : — 

“ Formation of Nitrites from Nitrates in Aqueous Solu- 
tion by the Action of Sunlight and the Assimilation of the 
Nitrites by Green Leaves in Sunlight, n By Prof. B. 
Moore, F.R.S. 

Dilute solutions of nitrates exposed either to sunlight or 
to a osurce of light rich in light-energy of short wave- 
length (such as light from mercury vapour arc enclosed in 
oilica) undergo conversion of nitrate into nitrite. 

There is an uptake of chemical energy in this reaction 
transformed from light-energy as in formation of organic 
carbon compounds in foliage leaves ; it is to be added to 
the relatively small number of endothermic reactions in- 
duced by light. 

Interposition of a layer of glass between source of light 
and solution of nitrate greatly slows the reaction, showing 
that the most effective rays are those of short length. 

When green leaves are immersed in nitrate solution 
comparatively little nitrite accumulates, indicating that 
nitrites are rapidly absorbed by the green leaf. Nitrates 
taken up by plants from soil would, in presence of sun- 
light, be changed to nitrites which are much more 
reactive than nitrates. This indicates that the early 
stages of synthesis of nitrogenous compounds are carried 
out in the green leaf and aided by sunlight. 

Rain-water collected for considerable time contains no 
nitrites, all having been oxidised to nitrates, but if exposed 
to bright sunlight or ultra-violet light for a few hours a 
strong reaction for nitrites is always obtained. 

Freshly collected rain water or dew always contains a 
mixture of nitrites and nitrates, as shown by the oitrite 
test appearing without any previous treatment of the 
water and the great enhancement of this on exposure to 
strong illumination. 

Air bubbled through nitrite and nitrate- free distilled 
water gives a mixed reaction afterwards when the water 
is tested for nitrites and nitrates showing presence of both 
forms of oxides of nitrogen in air. 

There is no hydrogen peroxide or ozone in air at surface 
level. The fresh odour in open air, commonly referred to 
as “ ozone,” is probably nitrogen trioxide which at high 
dilutions has the odour of ozone. The oxides of nitrogen 
are probably formed by the action of sunlight, rich in 
ultra-violet rays, in upper regions of the atmosphere upon 
air and aqueous vapour. 

Attention is drawn to the importance of these actions 
of light in purification of air and water and enrichment 
of soils and water by this continuously supplying of matter 
essential to organic growth, the energy of which, like that 
for upbuilding of non-nitrogenous organic compounds, 
comes from sunlight. 

14 Transition from Rostro-carinate Flint Implements to 
the Tongue-shaped Implements of River-terrace Gravels .” 
By J. R. Moir. 

1. Seven flint implements, exhibiting a beak-like pro le, 
have been found, associated with early palcoliths, in 
certain ancient valley gravels. 

2. The carina of the rostro-carinate implements was 
apparently used as a cutting and scraping edge. This 
edge was extended gradually from the anterior to the 
posterior region of the implement. This extension 
resulted in the diminution and final disappearance of the 
dorsal platform. 

3. The rostro carinate is triangular in section and has 
one cutting edge represented by the apex of the triangle. 

4. The earliest palseolitha have two edges an S the 
section is roughly rhomboidal. 
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5. This rbomboidal form was piobably attained by a 
gradual redaction in width of the ventral surface of the 
routro-carinate form until a sharp cutting-edge was 
produced. 

6. It is necessary to form two flat “ striking platforms " 
when making a rostro-carinate or a palreolitb. In the 
latter thowemains of one or both of these platforms may 
sometimes be seen towards the posterior region of the 
implements. 

7. The implements described exhibit certain characters 
tics of form only before seen in the rostro-car mates dis- 
covered beneath the Pliocene Red Crag and in other 
pre-palaeolithic deposits in East Anglia. They show also 
by the nature of their flaking aud provenance that they 
are of early palaeolithic age. 

8. The dual character of these specimens is very marked, 
and points to the conclusion that the knowledge of the 
manner in which to make a palseoliih was acquired by 
long experience in producing rostro-carinates. This view 
finds sopport in the experiments in flint flaking which have 
been carried out. 

9. The specimens have been recovered from a wide area 
in Southern England, and it seems reasonable to regard 
them as presenting transitional types linking the rostro- 
carinates witb~tbe earliest pala»oliths. 


CHEMICAL SOCIETY. 

Ordinary Muting , December 6, 1917. 

Prof. W. J. Pops, M.A., D.Sc., F.R.S., President, 
in the Chair. 

Reference was made to the loss sustained by the Society, 
through death, of the following Fellows : — Alexander 
Macomb Chance and William Ralph Dodd. 

Messrs. A. J. Daly, S. Albert Pearman, H. E. Cox, T. 
van B. Qilmour, O. J. Francis, and F. W. Gamble were 
formally admitted Fellows of the Society. 

Certificates were read for the first time in favour of 
Edgar Alfred Coakill, 4, Market Parade, Brimsdown ; 
Ransome Wallace Cooper, Chiltern Place, Beaconsfield ; 
Thomas Crowdy, 13, Clifton Road, Devizes Road, Salis- 
bury; John Clare Newlands Exstick, 137. Upper Clapton 
Road, E. 5 ; Thomas Fraser, B.A., The Grammar School, 
Cirencester ; Julius Geldard, 6x0, St. Helens Road, 
Bolton; William Frank Grant, B.Sc., The Normal 
Training College, Bloemfontein, O.F.S. ; William Robin- 
son Grist, Finsbury Technical College, Leonard Street, 
E.C. a ; Joseph Eli Hanson, Quarry House, Ossett Lane, 
Earlsheaton, Dewsbury ; Thomas John Hitchcock, 28, 
Albany Road, Manor Park, E. 12 ; Harold Housley. M.Sc., 
Huntsville, St. Andrews Road, Huddersfield ; Kumud- 
chandra Gbelabhai Laiwala, M.A., B.Sc.. care of Messrs. 
Thomas Cook and Son, Ludgate Circus, E C. 4 ; Harold 
Lawrence, Ridgs View, 81, Foxley Lane, Purley, Surrey ; 
Elias Mendosa, 53, Manor Road, N. 16 ; Thcketh 
Kumaran Nair, B.A., B.Sc., East Indian Railway, 
Jamalpor, India ; Horace Finningley Oxley. B.A., care 
of Messrs. Levinstein, Ltd., Blackley, Manchester ; 
Henri Marc Pezsani, 3, Staff Quarters, Eastriggs, 
Dornock ; David John Prichard Phillips, B.Sc., Pemberton 
Stores, Burry Port ; Snow Blagburn Tallantyre, B.Sc., 
14, Inglewood Road, West Hampstead, N.W.6. 

Messrs. R. G. Fargher and Chas. G tiling were elected 
Scrutators, and a ballot was held foi the election ot 
Fellows. The following were subsequently elected as 
Pcltows of the Society : — William Gordon Adam, B.A. ; 
Pierce Alfred Arnold; Jack Reginald Hanlon Bartlett; 
Albert John Bishop, B.Sc.; Elon Bond. B.Sc.; Fred 
Bridge; Rainald Bngbtman, M,Sc. ; Robert Lidwill 
Brown ; Arthur Calvert ; Sarat Chandra Chatterjee, 
M.Sc. ; George William Chester ; Ukrendra Nath Rai 
Cbowdhori ; Edward de Wykersley Swift Colver, D Met. ; 
Henry Joseph Cunningham, B.Sc. ; Tom Dempster ; 


Arthur Doulton Dibley ; William Alexander Dickie, B.Sc* ; 
John Don, M.A., B.Sc. ; Vernon Edge, B.Sc. ; Charles 
Alfred Bdwards, D.Sc. ; Herbert Wilfrid Brhrhardt, M.A., 
B.Sc. ; George Herbert Frank ; Harold Hollings, M.Sc. ; 
John Gordon Home ; George Henry Johnson ; James 
Ivor Morgan Jones, B.Sc. ; Reginald Arthur Joyner, 
M.Sc. ; Benedict Trembath Kitto ; Oscar Alfred Le 
Beau, B.A., B.Sc. ; Jacob Longman, B.A. ; Thomas 
Henry Mallagh ; Edward Bradford Maxted, B.Sc., Ph.D. ; 
Robert Binnie Pettigrew, M.A. ; Robert Ignatius Phipps, 
B.Sc. ; Constant Nicolas Polychronis, M.Sc. ; Arthur 
Stanley Quick; Humphrey Rivas Raikes, B.A. ; Alfred 
Arthur Roberts; Harold Salt; Sbinjiro Sato, M.Sc.; 
Gerald Creagh Scully, M.A. ; Alfred Thomas Stanley 
Sissons, B.Sc. ; James Carter Spensley, M.A. ; George 
Spurge ; Henry Stephen, M.Sc. ; Disney Younger Watt ; 
Albert Francis Wenger ; David Emrys Williams, B.Sc. ; 
Ernest Perry Bradley Wilson ; Frederick Charle s Wood, 
B.Sc ; Joseph Harry Wood. 

Dr. F. L. Pyman delivered a lecture entitled M Tbe 
Relation between Chemical Constitution and Physiological 
Action.” A vots of thanks to the Lecturer for his 
Address, proposed by Prof. H. E. Armstrong and sup- 
ported by the President, was carried with acclamation. 


Ordinary Muting, December so, 1917. 

Prof. W. J. Pope, M.A., D.Sc., F.R.S., President, 
in the Chair. 

Certificates were read for the first time in favour of 
Robert Fleming, B.A., a, War boor El Moyah, Cairo, 
Egypt ; Ernest Hsrdiker, 3, Park Street, Bolton ; Owen 
Rhys Howell, B.Sc., Darley House, Venner Road, 
Sydenham, S.E. 26 ; Arnold Bradley Lownes, 78, 
Wellesley Road, Ilford ; Arthur Macdonald Monro, M.A., 
44, Rossett Road, Blundellsands, Liverpool ; Robert 
Atkinson Oddy, The Laboratory, Abbey Street, Toad 
Lane, Rochdale; John Cameron Clarke Taylor, a, 
Queensbury Terrace, Commertrees, Annan ; Hugh Arwel 
Tnomae, B.Sc., 9, Church Circle, S. Farnborougb ; Albert 
Edward Timmins, 81, Teasdale Road, Walney, Barrow- 
in-Furness ; Leonard Ellerton Vlies, Belmont, Gowan 
Road, Manchester, S.W. ; Glen Raymond Wakebam, 
B.Sc., Stanborough Park, Watford, Herts ; Godfrey 
Warburton, Gas Works, Ponders End ; Harry Wignall, 
M.Sc., 16, Roseneath Road, S.W. ix. 

The following papers were read : — 

44 Synthesis of 3 : 4-Dihydroxypbenantbrene (Morphol) 
and of 3 : 4-Phenanthraqainoue.” By G. Baroer. 

44 Vacuum Balance Cases.” By B. Blount. 


PHYSICAL SOCIETY. 

Ordinary Muting , N (number 23, 1917. 

Mr. W. R. Cooper, M.A., Vice-President, in the Chair. 

A paper, entitled 44 Some Problems of Stability of Atoms 
and Molecules,** was read by Prof. J. W. Nicholson, 

F.R.S. 

The paper is mainly concerned with the possible 
existence and stability of atoms, and of molecules formed 
after the manner suggested by Stark, the link between the 
atoms in a molecule being provided by a stationary 
electron on the molecular axis. Atoms on the Rutherford 
model, though dynamically unstable, are stable for the 
simple vibrations ordinarily excited ; but it is shown in the 
paper that atoms with such a stationary electron have a 
much more limited degree of stability. Moreover, they 
cannot exist even in an undisturbed state unless they are 
endowed with a negative charge, for no steady motion is 
possible, and this conclusion extends even to atoms 
regulated according to a dynamics such as that of Bohr. 
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Stark’S conclusions do not therefore survive t quantitative 
UMUaiot, and molecules cannot be formed in the manner 
he supposes. 

The paper also discusses the more symmetrical problem, 
in which there are two such stationary electrons in an 
undisturbed atom, and it is shown that systems with a 
transitory existence, which are known by their spectra to 
occur in the solar corona, are apparently unaccompanied 
by the still more transitory systems which would be formed 
by the attachment of an electron after the manner of 
Stark. This is a further argument against the possibility 
that two atoms in a molecule can be linked by a single 
electron, or by two electrons, which attract both atoms. 

Discussion. 

Mr. T. Smith asked if it would be possible to make 
some such generalisation as that symmetry in the system 
was essential to stability. 

Dr. Bohns asked what was meant by the statement that 
the atom with H-5* and - 7# is strongly represented in the 
solar corona. 

Dr. R. S. Willows said it was of great advantage that 
eminent mathematicians were investigating the suggested 
models of the atom and attempting to compare the results 
with experiment. Stark had make some brilliant experi- 
mental discoveries, but his theoretical deductions appeared 
to be faulty. 

Prof. Nicholson, in reply, said he thought some such 
generalisation as that suggested by Mr. Smith could be 
made. At any rate, the greater the symmetry of the 
system the more liable it is to be stable. In reply to Dr. 
Borns, he meant that certain lines of strong intensity in 
the spectrum of the corona were referable to such a system 

An Exhibition of the Uses of certain Methods of 
Classification in Optics was given by Mr. T. H 
Blakxslky, M.A. 

This consisted of an account of the additions which, in 
the course of the intervening years, he had been enabled 
to make in the general diagram of optical properties, first 
communicated by him to the Physical Society in the year 
1903 (Proc., xviii., 591). The plan pursued is to take as 
variables the relations which the radii of face curvature 
bear to the thickness between the faces along the axis. 
By this means the shape of the lens is given by the two 
rectangular co ordinates alone, and any possible property 
dependent upon a function of these co-ordinates will be 
represented by a line upon the diagram. When two such 
loci intersect, the lens corresponding to the points of 
intersection possesses both the properties corresponding to 
the lines. A point much dwelt upon by the author was 
the very large number of straight-line loci corresponding 
to properties of value in a lens, and of these very many are 
parallel, and, cutting the axes at 45°. may be most simply 
defined by the value of the intercept of the axis. 

It was pointed out that, in general, a lens may have its 
radii of face curvature both multiplied by the same factor 
without changing in sign or value the focal length. One 
of the above-mentioned loci at 45* to the axes represents 
the only family in which this change cannot be effected, 
from the fact that the factor in this case is unity. Another 
of these straight lines belongs to a family in which the 
two focal lengths corresponding to two assigned indices 
of refraction are equal ; and closely allied to this is a 
family for which the focal length is a minimum for an 
assigned value of index. 

In another family of the kind the property is that a lens 
may be immersed in another medium without having its 
focal length changed. 

In another, if a lens is cot out of a cylinder of glass, 
the remnants of the cylinder in their original position 
will be achromatic. 

In another, telescopic ; and so for many others. Other 
straight lines exist which are not parallel to those above 
mentioned. They often refer to matters connected with 
the passage at minimum deviation through a lens, and 
sometimes to what are called self-conjugate points. 


iSenicAi News, 
t Jsn. 4. 1918 

Toe detection of lens properties which are independent 
of one of the face curvatures was explained and some few 
cases pointed out — e.g., when a lens has one of its radii 
of face curvature equal to the thickness of the lens at the 
axis, it matters not what curvature is given to the other 
face, the point ot magnification equal to the index will be 
coincident with its own conjugate point—#./., for the 
point of magnification equal to the inverse of the index 
for the other side of the lens ; and this whichever way the 
light is passed through the lens. 

There are two lines upon the diagram, both straight 
lines, which refer to the silvering of the second surfaces 
of lenses, so as to produce plane virtual mirrors ; one per- 
forms this by sending the centre of the virtual mirror to 
infinity, the other by sending the surface of the virtual 
mirror to infinity. In the latter case, which alone calls for 
special remark, light, though entering the system at an angle, 
returns upon the same path, always producing an inverted 
image of -1 magnification, crossing the object at the 
virtual centre. 

Discussion. 

Mr. T. Smith suggested that the author might add a 
number of curves to his diagram showing the aberration 
properties of lenses. There were a number of other 
geometrical loci that might also be added. It usually 
happened that the lenses required in actual instruments 
had too long radii in comparison with tha thickness to be 
included in the region covered by the author’s diagram, 
and it was usually better to calculate each lens by 
known methods than to extiad them from a diagram. 

Mr. S. D. Chalmers said he bad on occasion found 
diagrams somewhat similar to Mi. Blakesley’s, but in 
which the inverse of the radii of curvatores were 
employed, to be of considerable service in certain problems. 

Mr. Blakbslby did not think Mr. Chalmers’s system 
would lead to so many straight-line loci as his own. He 
thought straight-line loci had some advantage if they could 
be obtained. 


SOCIETY OF GLASS TECHNOLOGY. 

Ordinary Muting, December 19, 1917. 

Prof. W. G. Fearnsides in the Chair. 

The following papers were read : — 

44 Resources of Potash Suitable for Glass Making in the 
United Kingdom By Prof. P. G. H. Boswell, D. I. C., 

F.G.S. 

The mineral resources available as sources of potash 
may be divided into two classes — (1) Soluble salts, (2) 
Insoluble salts. Up to the present no sources of soluble 
pota&b salts are available in the British Isles to replace 
those previously obtained from Stassfurt and Alsace. 
Among available insoluble salts may be mentioned 
felspar, mica, leucite, and glauconite, all of which are 
s licates. 

The demand for potash is very large at the present 
time, being required for pottery, enamel, glass, soap, 
chemicals, explosives, and in agriculture. The most pro- 
ductive source is likely to be found in felspar, which is 
useful for the alumina it contains as well as the potash. 
Felspar is a family name which includes many minerals, 
the two chief groups being— (1) potash felspar ; (2) 
silicates of lime and soda. 

Felspars are of wide occurrence. Granite consists of 
quartz, felspar, and mica which have crystallised out more 
or less together. Unfortunately the felspar is too small 
in grain to be picked oot, and so granite cannot be used as 
a source of felspar. Granite occurs up and down the 
country in huge masses, and often at the margins and 
scattered throughout the mass in veins is found felspar. 
Such a vein is usually known as pegmatite, and the veins 
of it may vary from 40 ft. in width to a few inches. It is 
a valuable source of felspar, as the latter Is found in large 
easily picked pieces. Pegmatites are only to be found in 
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tilt moat ioaeceeeibia spots— i the North Watt of nootland, 
the North West of Ireland, and la Cornwall. The sites of 
the thief deposits were shown on a map. 

The two chief varieties of felspar are known as mono- 
dine and orthodaae, the difference lying in the crystalline 
form. Orthodase is to be preferred, as there is less ten- 
dency of this form to form mixed crystals with soda 
felspar. Pegmatite consists of felspar and quartz in large 
pieces and most be hand picked, the felspar being in 
crystals 3 to 4 inches long. Sometimes the felspar is 
intergrown with the qnartz and the rock is then known as 
pertbite. 

Felspar is prone to decomposition, brought about by 
gases and solution from below and by atmospheric action. 
The alkalis are leached out leaving the silica and alumina 
as day. When the leaching is done from below the final 
product is very pure china clay. 

For pottery felspar should be low in quartz, low in soda 
(to prevent crystallisation), and low in iron (to obtain 
good colour). The same features are necessary for glass- 
making, and in addition there ought to be constancy of 
composition. Unfortunately this could never he realised. 
A potash content of 10 to 12 per cent was desirable for 
glass-making felspar, and the soda content should not be 
more than 3 per cent, the iron content not more than o*i 
per cent. 

All the British felspars are of the monocline type except 
the Roche deposit in Cornwall, which is Orthodase. The 
chief deposits in Scotland are in the vicinity of Loch 
Lanford, Durness, and Overacaig. In Ireland felspar is 
found at Belleck, Belmullet, and Glenties ; whilst good 
felsite is obtainable in Waterford and Wicklow, although 
its iron content is high. 

There seems little prospect of British felspar being 
placed on the the market as cheaply as the pre war Scandi- 
navian supplies, owine to the coet of transport in this 
country and also the higher price and different conditions 
of labour. 

Of late many methods have been patented for the extrac- 
tion and recovery of potash. It is hoped that a rich 
source of potash may be found in the flues of cement 
kilos and blast furnaces. Possibly it will be found ex- 
pedient to boost up the amount of potash in tbs floes of 
cement kilos by using felspar in the manufacture of 
cement. 

The lecture was ably illustrated by lantern slides and 
maps, and gave rise to an animated discussion. 

Prof. Fsarnsidss pointed out that since vegetatioo con- 
tained potash, and coal was of vegetable origin, then coal 
must contain potash. This would not be found in the ash 
as it would have volatilised but would be found in chimneys 
and flues. Possibly the manorial value of soot lay in the 
potash it contained. Again sedimentary rocks being the 
disintegration products of igneous rocks (which all con- 
tain potash) might conceivably be a source of potash. 
Sands and limestones contain very little, and so would 
not pay for extraction, but clays might very well do so. 

Mr. Rasa confirmed Dr. Boswell's lemsrks regarding 
blast furnace and cement kiln dust being a valuable 
source of potash. 

Mr. C. J. Psddlk pointed out that felspar was regarded 
by gtassmakers as bcinq important as much for the 
alumina as for the alkali it contained. It was a cheaper 
method of giving glass all the beneficial results conferred 
by alumina than by using the calcined oxide, and was far 
more suitable than china clay for this purpose. 

Mr. Davidson and Mr. Foster joined in the discussion 
and Prof. Boswsll replied. 

“ Bolsterstou e Glass .” By Joseph Kenwortny. 

The history of glass-making was traced from legendary 
times until its introduction into England in a most 
interesting manner. The subsequent vieissitudee of glass 
itoanuf actors in this country were then dealt with more 
fully, leading op to the manufacture of glass in Bolster- 
stone, an out of the way spot in the Don valley. The 


author had collected a large amount of information 
this ancient and now long defunct manufactory, a H I 
illustrated a most fascinating account by means of heautl* 
ful glass specimens and by photographs. The tot glace 
house at Bolsteretone seems to have been built about ito 
by George Fox, and after passing through various h and s 
was closed down about 1750. It was in the heyday of its 
existence when wockea by Robert Blackburn, and at that 
time was turning out very good glass of all varieties of 
table ware and domestic ware. Much of the glass made 
here has been lost or disseminated throughout the country, 
but some beautiful specimens both from point of colour 
and design are still in existence. 

The next meeting of the Society will be held at Stour- 
bridge on January 16, 1918. 


NOTICES OF BOOitS 


Tkt Chemistry of Linseed Oil . By J. Newton Fribnd. 
D.Sc. (B'bam.), Pb.D. (Wuc*.). P.I.C. London : 
Gainey sad Jaduon. 1917. Pp. vu+96. Ptica 
as. 6d. net. 


The author of this monograph aims at stimulating in- 
terest in the chemistry of the oils, in which many problems 
of great practical importance require further investigation 
before satisfactory explanations can be given. The little 
book will be found excellent for its purpose, and it con- 
tains plenty of suggestions for research work. Both 
teachers and advanced students will find It stimulating 
reading, and although the treatment of the subject is 
necessarily not detailed a great deal of information is 
packed into small compass. An outline is given of the 
manufacture of the oil, and the chemistry of the chief 
constituents and the properties of the oil and the action 
of reagents upon it are considered comparatively fully. A 
valuable feature of the book is the very complete biblio- 
graphy which, besides giving titles and details of a great 
number of works dealing with linseed oil, adds useful 
explanatory notes and short discussions of points of 
interest. 


I Present Conditions in Relation to Pood Supplies. By 
Alfred Smetham, F.L.C. Pp. 24. Price is. 

This paper, which is reprinted from the Journal of the 
Royal Lancashire Agricultural Society for 1917, contains 
a clear discussion of the question of food values and the 
food requirements of the population. The author takes 
the M men "population to be 77 per cent of the total mixed 
population, and works out the quantities of carbohydrate, 
fat, and protein necessary for the maintenance of the 
population in a state of efficiency and comfort. He 
cn.ph*»i» » the importance of wheat production and the 
wsmc mines* of cattle feeding, stating mat the nation 
could live ten times as long on a given quantity of wheat 
used as such as it coaid if the same qu.mtty was employed 
for the production 01 44 steer " beet. The suggestions of 
the Committee of the Ro><*l Society as to me mods of 
saving food are carefully discussed, and the paper provides 
a thoroughly scientific summary of the mam aspects of 
the question of the food supply and the most preseing 
needs in regulating production. 


The Sational Physical Laboratory , Report for the Year 
1916 1917. Collected Researches. VV. XIII., 1916. 
London: Hairinon and Sons. 1916. Pp. 67, 399. 
Puce aoe. * 

Tmb report of the National Physical Laboratory, as was 
to be expected, shows that all the work done bee been 
greatly effected by war conditions, and there has beoo a 
deplorable but quite unavoidable decrease in research 
work of general utility. On the ether hand, an 


Digitized by CjOOQie 


12 


Meetings for the Week. 


•mraut of iMtmg of apparatus and mataciala has bsan 
earriad through, tbs growth of tbs gauge tatting work 
bsiftg spatially noticeabls. It is not possible to ittat a 
programme of work for xpiS, bat if opportunities ocsar 
some of tbs sasptnded rssssrcbes will be taken ap again, 
while the investigation of problems arising oat of the war 
will, of coarse, be continued with the utmost vigour. 
The volume of collected researches contains seventeen 
papers, of which many are on optical subjects, such as the 
calculation of thin objectives, lenses for light distribution, 
Ac. With the exception of the first paper on “ Construc- 
tional Data of Small Telescope Objectives Calculated at 
the National Physical Laboratory ” and the last, a “ Report 
on Tests of Fuel Oils, carried out for the Royal Commis- 
sion on Oil Fuel,” all have been reprinted from various 
scientific journals, such as the Proceedings of the Physical 
Society , the Journal oj the Institute of Metals , and the 
Journal of the Institution of Electrical Engineers . 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 


Not*.— A ll degrees of temperature are Centigrade unless otherwise 
expressed. 


Comptes Rendus Hebdomadmres des Stances de VAcadimie 
des Sciences . Vol. clxv.. No. 13. September 24. 1917. 
New Method of Separating Tin and Tungsten in 
Stanniferous Wolfram. — M. Travers. — The separation 
of tin and tungsten is one of the most delicate operations 
in analytical chemistry. The method which the author 
describes has given satisfactory results in the analysis 
of many metals, even those rich in tin (soper cent). The 
mineral is fused in a muffle at a bright red heat in a 
porcelain crucible with anhydrous sodium sulphite ; the 
fused mass is dissolved in boiling water, and the solution 
mads up to 700 — 800 cc., and slightly acidified. Brown 
stannous sulphide is precipitated, carrying down a little silica 
and sulphides of iron and manganese, but no tungstic acid. 
The precipitate of stannous sulphide is purified by dis- 
solving it in ammonium sulphide containing sulphur ; by 
precipitation yellow stannic sulphide is obtained and 
calcined to give SnO a . The tungsten is determined by 
attacking another portion of the specimen with anhydrous 
sodium sulphite, and taking up the fused mass with con- 
centrated acids (HCI+HNO 3 ). The greater part of the 
tungsten is at once precipitated as tungstic acid, mixed 
with silica. The liquid is precipitated with ammonia, 
and the precipitate of iron oxide thus obtained is dissolved 
with hydrochloric acid ; on evaporation to dryness and 
solution in HC1 all the tungstic acid is obtained. 

No. 14, October x, 1917. 

X-Ray Spectra of Isotopic Elements. — Manne 
Siegbahn and W. Stenstrom.— The authors have examined 
the X-ray spectrum of a preparation of RaG with that of 
ordinary lead. The atomic weight of the preparation was 
206*05, while that of ordinaiy lead is 207*18. The wave- 
lengths of the spectra were found to be the same. It has 
already been shown that the ordinary spectra, visible and 
ultra-violet, are also identical. 

No. 15, October 8, 1917. 

This number cantains no chemical matter. 


MISCELLANEOUS. 

Ths Library Association.— In the Interim Report of 
the Council of the Library Association on the Provision 
of Technical and Commercial Libraries the proposal is 
mads that funds should be provided for some State- 
supported Library, sush as ths tsience Library of South 
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Kensington, or a Library controlled by the Department 
of Scientific and Industrial Research, to purchase books 
required for research, and to make them available for loan 
to public libraries. Such a library would undoubtedly be 
a great boon to students and scientific men generally, and 
the fuller report of the Association, which will be pub- 
lished shortly, will be awaited with interest. 

The Nitrogen Industry. — The October number of the 
Canadian Chemical Journal contains a long article on the 
Nitrogen Industry and its Prospects, in which a sum- 
mary is given of the Report of the U.S. War Department 
on the Nitrogen Industry with Recommendations. The 
advantages and disadvantages of the various methods of 
synthesising nitric acid are carefully weighed, and the 
general conclusions reached by the author, Mr. C. L. 
Parsons, Chief Chemist to the Bureau of Mines, U.S. 
Department of the Interior, are given in detail. The 
paper gives a very clear analysis of different methods of 
preparing nitric acid, and contains the latest data as to 
output, costs, &c. 

New Method for the Recovery of Salts of Potas- 
sium and Aluminium from Mineral Silicates. — In 
the Journal of Industrial and Engineering Chemistry 
(October 1, 1917, vol. ix., No. 10) a paper by J. C. W. 
Fraser, W. W. Holland, and £. Miller, on the prepara- 
tion of salts of potassium from felspar and sericite, which 
was presented at the Buffalo meeting of the American 
Institute of Chemistry, is reproduced. The authors showed 
that by the treatment of felspar with strong alkali a sub- 
stance analogous in composition with leucite could be 
obtained. Finely-ground felspar was mixed with about 
o*8 of its weight of potassium, or the equivalent quantity 
of sodium hydroxide, dissolved in a little water, and 
heated in an open iron vessel until the water bad 
evaporated, and hen for about an hour to a temperature 
of 270 -300° C. The following reaction occurred, the 
new silicate formed having approximately the composition 
of leucite, KAlSi 3 Os + 2KOH = KAlSiaOe-f H-O + KaSiCV 
It is insoluble in water, and can thus be separated from 
the excess of alkali and the alkali silicate. All the alkali 
can be recovered by causticising the solution with lime 
and filtering off the calcium silicate separated. The 
“ artificial leucite,” which contains all the potash and 
alumina, and two-thirds of the silica of the original felspar, 
cap readily be made to yield up its constituents, the potash 
being very much more loosely held then the aluminium. 
If the silicate is suspended in water between two platinum 
electrodes on passing a current practically all the potas- 
sium can be obtained as potassium hydroxide, or the 
potassium contained in the silicate can be titrated with a 
mineral acid, a fairly satisfactory end-point being obtained 
if sufficient time is taken towards the end of the opera- 
tion. For the extraction the silicate is mixed with water 
and dilute hydrochloric acid in amount equivalent to the 
potassium content of the silicate is added slowly with 
constant stirring. The potassium chloride solution is 
removed from the insoluble aluminium silicate by filtra- 
tion. If this aluminium silicate is treated with sulphuric 
acid in quantity equivalent to the aluminium it contains, 
aluminium sulphate is produced and gelatinous silica 
separates. The yield of potassium chloride thus obtained 
is practically theoretical, while that of the aluminium is 
about 86 per cent af the theoretical. 


MEETINGS FOR THE WEEK. 

} Royal Institution, 3. (Christmas Lectures, 
adapted to a juvenile auditory). “ Our Useful 
Servants -Magnetism and Electricity,** by 
Prof. J. A. Fleming, F.R.S. 

Monday, ?th.— Society of Chemical Industry, 8. “The Toxicity of 
Methyl Alcohol in Relation to its Industrial Uses — 
a Review of the Published Data," by T. D. Morton 
“ Rapid Estimation of Pyridine In Ammonia,** by 
T. F. Harvey end C. V. Sparke. “Corrosion of 
Lead Roofing “ and “Aetion of Rainwater on a 
Portland Stoi.e," by J. S. S. Brame. 
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THE VISCOSITY OF BLAST • FURNACE SLAG 
AND ITS RELATION TO IRON METALLURGY, 
INCLUDING A DESCRIPTION OF 
A NEW METHOD OF MEASURING SLAG 
VISCOSITY AT HIGH TEMPERATURES.* 

Bjf ALEXANDER L. PEILD, B A., M.S. (North Corolla*). 
Antttaai llttsllurgist, United States Boreas of Mines, Pittsbargb, Pa. 


Introduction. 

The geMfiJ physical and optical properties of the natural 
silicates, soch as the felspars, micas, and pyroxenes, have 
been known to petrograpbers for a number of years. Re- 
searches on silicates at nigh temperatures are, however, of 
comparatively recent origin, doe to the experimental iiffi- 
culties involved in high temperature investigations, and the 
fact that accurate means of measuring high temperatures, 
as well as the establishment of the high- temperature scale 
itself, matters successfully accomplished within the 

Before the genesis of the science of pyrometry and the 
construction of laboratory electric furnaces capable of 
accurate temperature cootrol, observations on natural 
siheetes and artificial silicates, such as glasses, were con- 
fined to determinations at ordinary temperatures of soch 
physical properties as density, coefficient of expansion, 
hardness, thermal conductivity, specific heat, refractive 
index, dielectric constant, optical rotary power, and coeffi- 
cient of absorption. A knowledge of these properties, 
while indispensable in certain cases, cannot serve the pur- 
p >se of elucidating the physical properties of the silicates 
at elevated temperatures. H. Lc Chatelier (Note t) has 
recently published in book form an excellent treatise 00 the 
general properties of silica and the silicates, which also 
contains brief reference to the earlier high temperature 
investigations. 

The edentifie investigation of the silicates at high tem- 
peratures may be considered to have had its origin in 1880, 
when Dr. Carl Baros was appointed physicist of the 
United States Geological Survey for the purpose of deter- 
mining the formation temperatures of tt»e rocks which 
form toe earth’s crust (2). Baros devoted himself io part 
to the development and application of the thermocouple to 
high-temperature measurement at a time when Le^Ch atelier 
in France was attacking the problem independently. This 
work received a new impetus in 1900, when Dr. Arthur L. 
Dev took up the work and introduced the high-temperature 
scale and methods of the Retchsanstalt into the United 
States Geological Survey. Soon after this date these 
investigations were taken over by the Carnegie Institute of 
Washington, which resulted later in the found iog of the 
well-known G eoph ysi cal Laboratory. 

It is with a certain pleasant sense of continuity of tlTort 
that I recall the fact that tbs investigations which form 
the subject of this report from the Bureau of Mines, 
although instituted in the late fall of 19&5. can claim a 
certain inherited relationship to the early work of Baros 
and Day ; for the Bureau of Mines, some several years 
before its organisation as a separate Bureau, was known 
as the Technologic Branch of the Geological Survey. 

During the years immediately following Barns’ ground- 
breaking work the study of the silicates at elevated tem- 
peratures steadily grew. In 1886 Ssger (3) published his 
work 00 “ Standard Coots for the Measurement of Tern- 


* A Paper cemtnunkatad to the Troueoettoms of ike l araJav 
Society. Published by nreinioo of tba Director. 0.8. Bureau of 

Mines. 


peratores in the Kilns of the Ceramic Industries.” In 1888 
Callender (4) described his improved form of the Siemens 
resistance thermometer, while Joly (5) in 1891 invented the 
micropyrometer which bears b«s name. In 1892 Le 
Chatelier (6), acting upon a suggestion originally made by 
Becquertl (7), devised the optical pyrometer which bears 
his name, which, according to recent experiments by 
Waidner and Burgess (8), is as accurate in its measure- 
ment uf temperature as other more recent types, such as 
the Wanner {9) (1901) and the F£ry (10) absorption (1904! 
optical pyrometers. About the same time Holbotn and 
Kurlbaum (11) in Germany and Morse (12) in the United 
States brought out an optical pyrometer using a new 

S botometric method. The former of these, the Holborn- 
lorlbaum, is generally considered to be the most precise 
instrument on the market, and is, according to Waidner 
and Buigcss (13), capable of a precision of 2° at 1500° C. 
In 1902 Fery (14) devised a pyrometer utilising the energy 
of total radiation. 

Joly (15) determined the melting-points of a number of 
minerals by means of bis novel apparatus, temperatures 
being estimated by the linear expansion of the strip of 
heated platinum foil upon which the small test grains were 
placed. The melting-point was estimated by noting the 
occurrences of deformation or incipient fusion, and hence 
should be classed as a softening temperature rather than a 
melting-point. In 1901 Cornelio Doelter (16) began the 
publication nf an extended series of experiments on the 
melting-points of minerals, using thermocouples for 
measuring temperature and electric furnaces modelled 
after those of the Reichsanstalt, as used by Holborn and 
Day. Doelter, as did Joly, used a purely subjective 
method for estimating tne melting-point, and recorded 
two temperatures - the first approach of viscous melting 
and the point where the material appeared to have gone 
over into a thin liouid. It appears, then, that both Joly 
and Doelter have determined the temperature at which the 
various minerals investigated approached a more or less 
definite viscosity, rather than the true physical melting- 
point. 

Since 1905, when Messrs. Day and Allen (17) published 
their important work on M The Isomorphism and Thermal 
Properties of the Feldspars,” the contributions from the 
Geophysical Laboratory of Washington on the melting- 
points and the stability relations of the silicates at high 
temperatures have formed the greater part of authoritative 
high-temperature research on the properties of the silicates, 
most of these publications having appeared in the American 
Journal of Science. 

In view of the comparatively short existence of accurate 
pyrometry and of accurately controlled laboratory furnaces, 
it is uot surprising that Sir Lowtbian Bell in bis admirable 
inveetigations on the manufacture of pig iron in the blast- 
furnace, which were published in 1884 (18), was seriously 
handicapped in so far as the determination of high tem- 
peratures was concerned ; and also that Akermann (19), in 
bis painstaking determination of the *• total beat ” of slags 
by the calorimetric method, was not able at that time 
(1886) to estimate the temperature of the slag melts which 
were investigated, hot rather was forced to refer bis 
measurements to a more or less indefinite 11 pouring tem- 
perature.” 

Since the introduction of modern methods a limited 
number of properties of the silicates have been investi- 
gated at high temperatures, apart from the extensive work 
on melting-points and phase-rule diagrams. Day, Sosmen, 
and Hoetetter (20) have recently devised a method for 
measuring the density of minerals at temperatures up to 
1600* with an accuracy of from 0 2 to 0 5 per cent, sup- 
planting the eatlier work of Barus (21) and Doelter (22). 
Measurements are given on quartz, granite, and diabase. 
White (23) has determined the specific heat of ovthoclase, 
ortboclase glass, diopride, wollastonitc. pseudo- wollas- 
tonite, and a soft glass up to a temperature of 1300* C. 
with an accuracy estimated to be within 0*5 per cent. 
Doelter (24) baa made a number of measurements recently 
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on the electrical conductivity of silicates at high tempera- 
tores. 

Although the authentic data which have recently accu- 
mulated on the behavioui of the silicates at high tempera- 
tures possess a great interest and value from the standpoint 
of the mineralogist and the geophysicist, a knowledge of 
the physical melting-points and fields of stability of the 
silicates is not the most important factor for consideration 
in so far as application to the metallurgy of iron is con- 
cerned. In a study of the blast-furnace we are particularly 
interested in the behaviour of the slag from the time it 
enters the zone of fusion until it is hushed from the cinder- 
notch. In transit through this region where the smelting 
process occurs the most important physical property of the 
slag is its viscosity, while its most important chemical 
property is its desulphurising power, or ability to absorb 
the sulphur of the charge. 

It was early apparent to fornacemen that blast-furnace 
slag in the molten condition was much more “ viscous ” or 
“ viscid ” than molten iron and the fused salts of ordinary 
acids, and that the slag underwent a gradual softening on 
beating rather than a sudden change to a mobile liquid, as 
is characteristic of sodium sulphate, for instance. This 
particulai characteristic was from the first rightly attributed 
to the silica content of the slag, rather than the lime or 
alumina content ; for, while both lime and alumina com- 
bine with a number of different acids to form solids which 
upon melting exhibit no unusual degree of viscosity, 
the presence of silica in a chemical compound usually 
confers upon it a high viscosity in the liquid state. This 
peculiar property appears to be due to the nature of the 
molecule SiO a rather than to the element silicon itself ; for, 
as is well known, SiCl 4 is a volatile colourless liquid, 
which boils at 59° C., while SiF 4 is a gaseous substance, 
which has a boiling-point of — ioo° C. 

In 1913 Dr. Laue, of the University of Zurich, con- 
ceived the idea of employing a crystal as a “ space diffrac- 
tion grating ” for X-rays. This epoch-making discovery, 
in the bands- of Messrs. W. H. and W. L. Bragg, has 
yielded extremely interesting facts concerning the structure 
of crystalline solids* To quote from the Tatter investi- 
gators, “ The architecture of crystals has been laid open to 
examination ; crystallography is no longer obliged to build 
only on the external forms of crystals, but on the much 
firmer basis of an exact knowledge of the arrangement of 
the atoms within.” Hitherto the chemical molecule bad 
been supposed to exist as such in the solid state. The 
X-say spectrometer, however, has shown clearly that in the 
case of most crystals each atom is arranged in an ordered 
manner at definite points of a “space-lattice,” and that in 
the case of a crystal of potassium chloride, for instance, 
there is no such thing as a molecule of KCI in the usual 
sense of the word, but that each potassium atom is equi- 
distant from six chlorine atoms, while each chlorine atom 
is equidistant from six potassium atoms. In other words, 
the valence of each potassium atom and chlorine atom is 
divided between at least six complementary atoms. When 
W. H. and W. L. Bragg took up the examination of quartz 
(25), i. 4 . SiOa, by means of this method, they found that 
it presented a structure more complicated than that of any 
substance which they had at that time investigated. 

Instead of finding that silicon and oxygen atoms were 
arranged separately at definite points of a space-lattice, 
Messrs. Bra^g concluded that three silica molecules were 
associated with each point of the space-lattice. It is a 
matter of common knowledge that highly associated or 
polymerised liquids possess unusually high viscosity ; and 
hence it seems plausible to argue that, since silica appears 
to he unusually complex in the solid state, in the liquid 
state this association or polymerisation tendency must be 
the fundamental cause of the extreme viscosity of silica 
itself and of the high viscosity of the silica compounds. 
This explanation, as based on X-ray analysis, does not 
seem to have been brought forward hitherto in dealing 
with the cause of the high viscosity of silicates. 

Irving Langmuir (26), in a valuable contribution to the 


theory of the constitution of solids and liquids* has very 
recently reviewed the work of the Braggs 00 crystal struc- 
ture from the viewpoint of the chemist and the relation of 
this work to theories of chemical constitution such as those 
of Werner, Stark, J. J. Thomson, and Lewes. Langmuir 
considers the complex silicates as apparently built up of 
compounds of the first order, i.«., atomic groups held 
together by M primary M valence, which are in turn held to- 
gether by secondary or residual valence, in much the same 
way that the metallic compounds are built up of the atoms 
of the metals. He further states (27) : “ From the fact that 
glasses, when heated, change to the liquid state by a con- 
tinuous process, we are led to conclude that the structure 
of a liquid does not differ from that of a glass in any 
essential respect except that in the liquid there is a certain 
mobility (entirely analogous to tautomerism). Therefore, 
even in a liquid we look upon every atom (or group-mole- 
cule) as combined chemically (or adsorbed) to all the 
adjacent ones. The molecular weight is therefore a term 
that has very little significance in the case of a liquid.” 
When, therefore, a silicate gradually softens with rising 
temperature and passes entirely over into the liquid state, 
it is probable that the increased fluidity is due to a 
weakening of the residual-valence attraction between the 
group-molecules, whereas the relatively high viscosity of 
the melt, as compared with that of molten metals and 
ordinary salts, is due to the preponderance of the group- 
molecules of silica, alumioa, and lime, and possibly to a 
particularly large degree upon a highly polymerised condi- 
tion of the silica group-molecule. 

Slag Viscosity as related to Fuel Economy . 

While it is theoretically possible to render any silicate 
mixture whatsoever sufficiently fluid to flow from the 
cinder-notch of a blast-furnace, it is necessary in practice 
that a slag attain this necessary fluidity at a temperature 
which is not beyond the working limit of the blast-furnace 
lining and which does not demand an unusually high fuel 
consumption. 

It is obvious that if, for instance, a slag requires a 
minimum temperature of 1400° C. in order to attain a 
working fluidity, no iron will be produced in a furnace 
using this slag, regardless of the number of B.T. units 
developed within the furnace, unless the temperature- 
distribution is such that the slag acquires the necessary 
temperature of 1400° C. Thus the fuel economy of a blast- 
furnace is to a great extent dependent upon the temperature- 
viscosity relations of the slag. 

The maximum temperature to which it is theoretically 
ossible to heat the sla^, assuming an absence of heat loss 
y conduction or radiation, is the theoretical combustion 
temperature of the exothermic reaction which occurs near 
the tuyeres, C 4- O CO, taking into account the fact 
that the oxygen represented in the equation represents in 
reality ordinary air. The old style beat-balance of Sir 
Lowthian Bell considered only quantity of beat and not its 
intensity, i .*., temperature. According to this early method 
of calculating tuel economy, five B.T.U. produced in the 
bosh bad o definite significance, regardless of the tempera- 
ture at which they were produced. It is evident, on the 
contrary, that any factor which operates so as to increase 
the combustion temperature in the region of the tuyeres 
will exert a relatively large effect so far as fuel economy is 
concerned when compared with a factor which increases 
the total beat in the furnace without appreciably affecting 
the temperature of the tuyere region. 

When James Oayley (28) published the results of his 
experiments with the dry blast at the Isabella furnaces near 
Pittsburgh, it became evident that the gain in fuel economy 
was greater than that simply represented by the fraction 
of the total heat developed in the furnace which was con- 
tributed by the drying process. Many fornacemen openly 
questioned the results of the tests. Ledebur, Bell, and La 
Chatelier offered in turn unsatisfactory explanations. A. 
Lodin (29), however, appears to have been the first to 
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nUUi an explanation which went to the root of the matter. 
He says, in part 

44 La fusion do laiticr par excmple ndcessite on certain 
notabce de calories qm doivent etre foarn^es ao-dessus 
d’ooc temperature min imam, celle do point de fosion. 
Cee calorie* seront emprunteee aox prodoits gazeox de la 
combustion de carbone : la aeole partie do pouvoir calori- 
fiqte de calni-ci otiliaable poor cet usuage determine sera 
celle correspondent ao refroidiaaement de prodaita gcreux 
depoia la temperature de comboation josqu’ao point da 
focion do laitidr." 


In September, 1904, J. £. Johnaon presented a paper 
before the American Institute of Mining Engineer* (30), 
entitled “Notes on the Physical Action of the Blast- 
furnace," io which was brought forward the idea that the 
foal economy of the blast-farnace depends opon the 
“ available beat" famished above the M critical tempera- 
tore," this temperature corresponding with the free-flowing 
temperature of the slag. Johnson's theory differs from that 
of Lodin in that the former takes the free-flowing tempera- 
ture of the slag as the “ critical " temperature, while the 
latter assumes it to be the temperature of the fusion slag. 
Johnson (31) has recently further expounded his theory as 
substantiated by the results of blast-furnace practice. He 
doea not in any case point out clearly the physical signifi- 
cance of the term Available beat" for any given “critical" 
temperature, although the detailed calculations are given. 

The author has shown elsewhere (32) that the “ available" 
hearth heat of Johnson at a critical temperature T is equal 
to the beat of the isothermal reaction C + O ^ CO at 
a temperature T, minus the heat required to raise the tem- 
perature of the blast op to a temperature T, together with 
that required to decompoee the moisture of the blast ; and 
that this available hearth heat includes (•) the heat lost by 
radiation and conduction between those two sense in the 
furnace which are at the critical temperature, and ( b ) the 
heat required for those final steps of reduction of ore and 
carburisation 1 of iron, and other similar adjustments in 
composition of molten iron, molten slag, and furnace 
gases, which occur between the “ critical cones." 

It is evident therefore that the viscosity-temperature 
relations of the slag do more than simply determine the 
facility with which the slag is handled at flush and the 
extent of desulphurise tion accomplished within the 
hearth ; these relations era fundamental in determining 
the foel economy which can be realised in furnace opera- 
tion. 


The Work of tht Burt* u of Mims. 

The Bureau of Mines is investigating the problem of 
slag viscosity, its variation with the temperature and with 
the c om position of the slag, and its effect upon the distri- 
bution of tbo sulphur between molten iron and slag. 
These investigations are being conducted in the labora- 
tories of the Pittsburgh station of the Bureau of Mines, and 
will represent, when published, an introduction to a 
series of contributions to the theory of the metallurgical 


processes. 
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Tht Application of Viscosity Dot* to Metallurgical 
OporaBoms. 

Before taking up the description of the viscosity appa- 
ratus, furnace, and accessories, and tabulation of the 
experimental results obtained, it is advisable to coosider 
briefly the application of accurate viscosity determinations 
on metallurgical slags to manufacturing processes, and also 
to related resear oh in this field. Particular attention must 
be given in the present paper to a consideration of the 
principles of the metallurgy of iron, although in many 
other metallurgical operations, such as the smelting of 
copper, for instance, a knowledge of the temperature- 
viscosity relations of different types of slag is of great 
importance. 

Apart from the question of mining cost and freightage, 
the value of an iron ore sufficiently rich in iron to be con- 
sidered marketable is largely dependent opon whether it 
can be made to yield economically a slag of desirable 
viscosity and desulphurising power. A casual glance at the 
table of sleg analyses given elsewhere in this psper shows 
at once the comparatively wide range of slag composition 
that has been found practicable by different manufacturers. 
In each case the particular slag composition was undoubt- 
edly determined in a larga measure by the composition of 
the ore mixture and fuel which it was deemed expedient to 
use, and also by the grade of iron produced. However, 
it is entirely probable that in certain cases the slag compo- 
sition was not the optimum one from the standpoint of 
economy and excellence of product. It is one of the 
purposes of these investigations to determine what are the 
optimum conditions. 

The experience of furoacemen with practically the same 
operating conditions differs quite widely in many instances. 
In fact, each furnace seems to have its own peculiarities. 
Successful operation is realised by a careful study of the 
past records of operation and production. Radical changes 
in operating methods are sometimes made, with results 
which may or may not be beneficial, and which cannot be 
predicted beforehand with certainty. This is, in a few 
words, the general situation in regard to iron metallurgy. 
Of course there are furnacemea, with a ready gift of 
intuition, to whom nothing is impossible ; bat these men 
are rare, aod impart their knowledge with difficulty because 
of the fact that it is intuitive. 

In spite of tbs lack of scientific research on the physical 
and chemical properties of slags at high temperature, it is 
quite well understood whet functions the slag must per- 
form in the blast-furnace. In the first place, it most be 
sufficiently fluid to flow from the cinder-notch at the tem- 
perature which exists in the hearth. In the case of char- 
coal practice, where desulphurisation is a minor item, the 
viscosity of the slag at flush is a primary cons ider ation. 
If, for instance, it is found that a silicious charcoal slag 
possesses a viscosity at 800 at the temperature of the 
hearth, the question arises whether a limy slag would 
perform its functions properly if it possessed an equal 
viscosity. The limy stag may be prevented from per- 
forming these functions for one or both of the following 
reasons. In the first place, the limy slag with a visooeity 
of floo might have an extremely high rate of change of 
viscosity with temperature, i.#., this particular point on the 
temperature-viscosity curve might occur at a temperature 
where the slag underwent rapid softening or hardening 
with small changes of temperature. In the second place, 
the limy slag might not be at a sufficiently high tempera- 
ture to properly desulphurise the pig iron. 
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THE CONSTITUTION AND FUNDAMENTAL 
PROPERTIES OF SOLIDS AND LIQUIDS.* 
Part II. — Liquids. 

Bv IRVING LANGMUIR 
(Continued from p. 5). 

From the value) of (F/c)o we can calculate A the loss in 
potential energy when a grm. molecule of the solute 
passes from the interior to the surface of the solution. We 
have previously shown from Ssysxkowski’s data how the 
increase in a for each CH a could be determined. To 
estimate the approximate absolute value of a we may 
proceed as follows :— 

It is shown in works on the kinetic theory (for example 
Jean’s, 44 Dynamical Theory of Gases, p. 78) that for a 
state of equilibrium the distribution of a gas between two 
regions in which the potentisl energy is different, is given 


by the relation— 


c 

c' 


RT 


(24). 


Here c and c x are the respective concentrations in the 
two regions and A is the difference in potential energy per 
gras, molecule (The above equation is closely related to 
Boltcmann's conception, according to which entropy is 
equal to the logarithm of the probability. The ratio 
between the probability that a molecule will be in the 
interior and the probability that it will be in the surface is 
thus proportional to where q> is the entropy. The 
quantity A/RT corresponds to the entropy). 

For solutions so dilute that F/c is constant, we may 
expect Equation 24 to be applicable, and we may thus use 
it to calculate the concentration c in the surface layer in 
terms of A or vice versa. 

The equation may also be derived from purely thermo- 
dynamical principles. 

If a is expressed in calories, Equation 24 may be 
written — 

A - RT In £L - 4*57 T log L. . . . (23). 

This equation is similar in form and analogous in meaning 
to Nernst's equation of the electromotive force of 
reversible cells. 

The amount of solute q a b sor b ed in the surface layer 
per sq. cm. may be roughly taken to be — 

f - <*>. 

IOOO 

where r is the thickness of the surface layer in which 
adsorption takes place. 

Combining Gibbs’ Equation 1 with (is) we obtain— 


(!)■ 


(»7)- 


9 " “RT 

Eliminating q from (26) and (27) and combining with 
(25) gives for dilute solutions 

iooo 

7 r 1 

Taxing T - 28S and assuming r -fix 10-s cm. this 
equation redoces to— 

x - I3i8l0f£i + 0 695 (-£-)„]• • • (*9)» 


»-«•»**[■ + 7Sr(f).]- 


(28). 


* From the Journal oj the American 
No. e- 


Chemical Society xxxix n 
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This equation was used for calculating the values of 
>obt. given in Table III. The choice of the particular 
value of r to use in (48) is somewhat arbitrary, but since 
the molecules adsorbed in tbs surfaces of these dilute 
solutions lie flat in the surface it is probable that r is of 
the same order of magnitude as the values found for 
ricinoleic acid or triricinolein, namely, 47 x 10-8. 

The last column of Table III. gives the values of A 
calculated from B by an equation similar to (9) except 
that the numerical constant was 12*5 instead of 12*8, 
since the temperature in Traube’s experiments were 15° 
instead of 20°. 

It is seen that Aoba. increases on the average by about 
625 calories for each CH a added to the molecule. This 
means that A can be expressed in general by an equation 
of the form 

Aral. - A 0 + 625 » (30), 

where a is the number of carbon atoms in the molecule. 
The quantity Ac has a different value for each type of sub 
stance, as is shown in Table IV. 


Table IV.— 

Valuts of Ao. 


Type. 

Formula. 

A 0 . 

Tertiary alcohol . . . . 

. HjCOH 

950 

Primary amine . . . . 

. RCHjNHj 

600 

Primary alcohol 

. RCH 2 OH 

575 

Ester .. .. .. 

Monobasic acid . . 

. KCOOR' 

47° 

. RCOOH 

437 

Ketone 

. RCOR’ 

295 

Aldehyd, 

• RCHO 

210 

Amide 

. RCONHj 

—510 

Dibasic acid (or alcohol) 

. — 

-700 


When a double bond is present in the molecule the 
value of A 0 is decreased by about 400. The addition of 
one or more hydroxyl gtoups to a mono* or dibasic acid 
decreases Ao by about 800 for each hydroxyl group. 

The fifth column of Table III. gives values of 
Acal. which have been calculated by Equation 30, using the 
values of Ao given in Table IV. 

An examination of Table IV. sho vs that A 0 becomes 
smaller as the active groups in the molecule become more 
polar in character. It also shows that the polar character 
is not additive. Two active groups attached to adjacent 
carbon atoms, as in glycol, caused a very great decrease 
in X 0 . Such effects, with which chemists are familiar, are 
undoubtedly due to forces transmitted from atom to atom 
in the group molecule. It is probable that these forces 
are caused by a displacement in the relative positions of 
the electrons and positive nuclei. Thus if an oxygen 
atom is combined with a carbon atom at one end of a 
hydrocarbon chain the electrons in the carbon atom are 
probably displaced towards the oxygen atom and the 
positive nucleus of the carbon atom displaced away from 
the oxygen atom. This displacement causes a similar but 
smaller displacement of the electrons of the next carbon 
atom and so on. (Effects of this kind are probably of 
importance not only in organic chemistry, but in the study 
of the structure of the surfaces of crystals and of liquids. 
In some cases such phenomena may cause adsorbed layers 
to be more than one group molecule in thickness). 

The close agreement between the observed and calcu- 
lated values of \ in Table III. shows that, except in the 
case of active groups in close proximity within the mole- 
cule, the change in potential energy a between the 
interior and surface of the liquid is an additive property. 

The results for at in Table III. are in substantial agree- 
ment with the results previously discussed. For the 
saturated adds, alcohols, sod .esters the values are 
approximately the same (30 x 10- 10 sq. cm.) and are inde- 
pendent of the number of carbon atoms. 

The presence of double bonds (allyl alcohol and 
acetate) does not seem to cause any increase in *•, pro- 
bably because these are forced away from the water before 
the surface |booomes saturated. With oxy-botyric acid 
is much greater (48x10-1*), indicating that the 


hydroxyl group is in contact with the water even when the 
surface is saturated. The large value for acetone (42*5) 
and the small value for butyl aldehyde (24 3 ) arc note- 
worthy, but until verified by other data it would hardly be 
safe to draw conclusions from these differences. 

Theie are many other data available from which the 
arrangements of group molecules in surface layers are 
determinable. Some of these will he briefly mentioned. 

Morgan and Egloff (Joum. Am. Cktm. Soc ., 1916, 
xxxviii., 844) give the surface tensions of solutions of 
phenol and water at three temperatures. From these data 
by Equation 1 the amounts of phenol adsorbed per sq.cm. 
(9) may he calculated. 

It is found that with increasing concentration 9 increases, 
rapidly at first, then more slowly until it reaches a maxi- 
mum of about 48x10-11 grra. molecules per sq. cm., 
showing that the surface becomes saturated with phenol 
molecules. This maximum value of 9 is approximately the 
same at all three temperatures (o°, 35*, and 65^), but at the 
higher temperatures it requires a greater concentration of 
phenol in the solution to five a saturated surface than at 
lower temperatures. This fact is a natural result of the 
kinetic agitation which tends to equalise the concentration 
in the surface and in the solution. From the above value 
of 9 it can be readily calculated that the area per molecule of 
adsorbed phenol is o© - 34 x io» 6 and the thickness of the 
film is r ■■ 4*3 x 10-8 cm. These results would seem to 
indicate that the phenol molecules in the surface of an 
aqueous solution lie flat on the sorfacc, and that the 
diameter of the disk -shaped (assumed) molecule is about 
one and a half times its thickness. 

Morgan and EglofTs 'data on trietbvlamine -water solu- 
tions show that the surface is saturated with this substance 
even with the most dilute solutions used (0*5 per cent). 
The values of 9 were fairly constant 9 - 40x10-11 and 
were the same at o° as at 30°. This result corresponds to — 
a 0 • 41 X 10 - * 6 sq. cm. 
r a 3*6 x 10-8 c.m. 

It is probable from these results that the three ethyl 
groups lie spread out upon the surface while the nitrogen 
atom is below the surface and is surrounded by water 
molecules combined with it by secondary valence. 

Worley (Joum. Chem. Soc., 1914, cv., 260) gives data 
for aqueous solutions of aniline at several temperatures 
from 15 0 to 75*. The values of 9 calculated from (1) show 
a variation quite similar to that found from the data on 
phenol-water solutions. The surface becomes saturated 
more easily at low than at high temperatures. The data 
are apparently not as accurate as those of Moigan and 
Egloff, but they indicate a fairly constant saturation value 
of 9* - 45 x 10 -1*. This corresponds to— 

Oo - 37 x ig— » 6 sq. cm. 
r » 4*0 x 10-8 cm. 

Evidently the arrangement of the aniline molecules in 
the saturated surface is about the same as that of the 
phenol molecules. 

We have thus far considered cases where the solute is 
adsorbed in the surface layer, so that the surface tension 
is less than that of the pure solvent. When inorganic 
salts are dissolved in water or alcohol the surface tension 
increases. The surface of the solution thus contains an 
excess of the solvent. In general we should expect the 
surface of any liquid to consist of molecules or atoms 
arranged in a rather definite manner different from that in 
the interior. If the molecules or atoms of the dissolved 
substance are surrounded by fields of force strong com- 
pared to those of the solvent, then it is improbable that 
the solute molecules will be able to displace solvent mole- 
cules in the surface. Hence the surface layer should con- 
sist of a single layer of molecules of the solvent from 
which solute molecules are esdoded. 

From Gibbs' Equation t we see that if the surface 
tension iarnstn linearly with the concentration, there is 
a dificincy of the solute in the surface layer which is pro- 
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portion al to the concentration. Now this it exactly what 
we should expect if the tnrface layer coneittt of pure 
solvent. Let r be the thickness of this layer. Then q 
the deficiency of solute per sq. cm. of surface is— 


or by (iV-v 


r — 1000 


jZl m 

fi 


IOOO 

RT" 


<h 

dc 


f3i)« 


We can thus calculate r the thickness of a single layer 
of molecules of the solvent by measuring the increase 
of surface tension produced by the addition of a soluble 
salt. 

Unfortunately the data for dy/dc for aqueous salt solu- 
tions are rather variable. Thus for potassium chloride 
solutions different observers have found results given in 


Table V. 

Table V. 


Observer. 

dy/dc 

r cm 

a sq. cm. 

Forch (a) . . 

141 

3*3 xio-8 

9-0 xio- 

Whatmougb (6) . . 

l*8i 

424 „ 

7-02 „ 

Linebarger (c) • . 

1*75 

4*1 

726 „ 

Quincke ( d ) . . . . 

1747 

4*1 

7-27 » 

Volkman ( e ) 

I 56 

3-66 „ 

815 » 

Rother ( / ) . • . . 

1 63 

3-83 .. 

7*80 „ 


(o) Ann. Phys., 1905 [4], xvii., 744. 

(h) Z. Physik. Chem ., 1901, xxxix., 154. 

(c) Journ . Am. Chim. Soc., 1899, xxi., 4x3. 

(d) Ann . Phys. [2J, clx.,337, 560. 

(e) Ibid., [3] 1, xi., 177; i»8i, xvii., 353. 

(/) Ibid., 1884 [3], xxi., 576. 

the values of r were calculated from Gibbs' equation by 
(31), taking into account the electrolytic dissociation of 
the potassium chloride solution. This is best done by 
using Lovelace, Fraser, and Miller’s data {Journ . Am. 
Chtm. Soc ., 1916, xxxviii., 515) on the vapour pressure of 
potassium chloride solutions and then applying Gibbs’ 
equation in the form- 

(32) 


a m zt d l 

* RT dp 


where p is the vapour pressure of the solution. By sub 
stituting values of q obtained in this way into (31) the 
values of r given in Table V. were found. 

From these results it may be concluded that the layer 
of pure water adsorbed in the surface of a potassium 
chloride solution is about 4 x io-s cm. thick. This pro- 
bably represents the length of the water molecules in the 
surface, so that their cross-section (assuming H a O as the 
group molecule) is about 7*4 x 10- sq. cm. 

It is interesting to note that the results obtained with 
other salts are in substantial agreement with the above 
Although different salts give different values of dy/dc 
these differences seem to be almost wholly accounted for 
by differences in the degree of electrolytic dissociation. 

Cederberg (Journ. Chim. Phys., 1911, ix., 10) finds for 
solutions of sodium iodide m ethyl alcohol dy/dc = 1*09. 
This leads to r- 4*4 x 10-* cm. and a - 22* x 10- 1* 
sq. cm. for the adsorbed layer of pure alcohol in the 
surface of this solution. 

Gibbs’ equation may also be applied to cases where the 
surface tension of a liquid is decreased by the presence of 
a vapour above the liquid. For example, benzol or hexane 
vapours brought into contact with the water decrease the 
surface tension of the water very markedly. By mea- 
suring the surface tension as a function of the partial 
pressure of the vapour up to pressures sufficient to yield 
a saturated adsorbed film, it must be possible to obtain 
very definite information as to the shapes and arrange- 
ments of these hydrocarbon molecules. Experiments of 
this kind were begun in, this laboratory, but owing to the 
present unsettled conditions have been discontinued. 

(Te be coatiaued). 


THE NATIONAL EXPOSITION OF CHEMICAL 
INDUSTRIES, HELD IN NEW YORK.* 

By THOMAS H. NORTON, PhD., Sc.D. 

(Continued from p. 8). 

Tht Dow Chemical Co., Midland . Mich. 

Thb exhibit of the many chemicals made by this company 
was extensive and impressive. The factory plant in- 
cludes 260 buildings, and ranks among the most im- 
portant of the country. Chief interest centred about the 
synthetic indigo, which is now being produced at the rate 
of nearly 2000 pounds of 20 per cent paste daily. The 
daily output will gradually be increased to 5000 pounds. 
Much of the product is transformed regularly into dibromo- 
indigo, which yields the most satisfactory results in cotton 
dyeing. Imports of the dibromo derivative from Europe 
were increasing prior to the war, and it is the feeling of 
the company that there is a large field for this compound. 
Prominent among the other coal-tar derivatives exhibited 
by the Dow Co., were synthetic phenol, salicylic acid, 
acetylsalicylic acid, methyl salicylate, ethyl salicylate, 
benzoic acid, sodium benzoate, sodium benzene-sulphonate, 
bromo- benzene, cbloro-benzenc, o-dichloro- benzene, >- 
dichloro-benzene, dinitfo- phenol, and tribromo-phenol. 
The aeetic anhydride now produced by tbie company is of 
great importance to the synthetic cofour industry. 

The Chemical Co. of America, New York. 

The works of this company at Springfield, N.J., have 
become a leading centre for the manufacture of coal-tar 
intermediates. Starting out early in 1915 with the pro- 
duction of aniline on a large scale, it has steadily enlarged 
the scope of its operations until it now furnier es most of 
the important intermediates. The following were ex- 
hibited :-Acet-cblor -aniline, acet-toluide, amido-azo- 
toluol, aniline, aniline oil for red, anthranilie acid, 
Bayer’s acid, benzaldebyde, benzidine base and sulphate, 
benzoyl chloride, benzyl chloride, cblor-aniline, chromo- 
tropic acid, diacetyl paramidopbenol, dianisidine, diethyl- 
aniline, dimetbylaniline, dinitrobcnrol, dinitrochlor- 
btneol, dinitrophenol, dinitrotoluol, 7-acid, G salt, meta- 
nitraniline, metanitroparatoluidine, metaphenylenedi- 
amine, metatoluylendiaminol, monoetbylaniline, nspht- 
ionic acid, nitro-benzol, nitro-toluol, ortho* nitro-cblor* 
benzol, ortbo-nitro-para-toluidine, ortho nitro-pbenol, 
ortho-nitro- toluol, ortho-toluidine, para-araido-acetanilid, 

E aramidophcnol, paranitracetanilide, para-nitro-chlor- 
enzol, para-nitro-phenol, paranitrotoluol, paraphenylene- 
diamine, para-toluidine, R salt, Schaffer’s salt, sulpbanilic 
acid, tetra-metbyl-diphenylmethan, tolidine base and sul- 
phate, toluidine, xylidine. The company has not yet 
taken up actively the manufacture of colours, but is 
making plans to enter this field at an early date. 


The Seydel Manufacturing Co., Jersey City. 

The company has undertaken the manufacture of benzoic 
acid upon a large scale, the annual output being 150 short 
tons. In its ediibit were the acid itself, and the leading 
derivatives, sodium benzoate, d-napbthol benzoate, methyl 
benzoate, and ethyl benzoate. Other products were benzyl 
alcohol, benzaldebyde, nitrobenzene, nigrosine, foramina 
(for dyeing furs), and a variety of sizings for textiles. 

Newport Chemical Works, Inc., Carrollville , Wis. 

This company is one of the few in the west engaged in 
the manufacture of coal-tar products. It utilises the 
erodes supplied by the coke-ovens of the Milwaukee Coke 
and Gas Co., and of the North-Eastern Iron Co. It ex- 
hibited the various crudes, including phenol and pyridine, 
in a refined form, and the following intermediates •- 
naphthylamine, nitro naphthalene, di-nitro naphthalene, 

* From the Chemical Engineer, October, 1917. 
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ortbo-nitro toluol, para- nit ro toluol, ortho-toluidinc, para- 
toluidine, tolidine, 1:3:6 acid, H acid. 

E . /. du Pont de Nemours Co., Wilmington , Dtl . 

There waa a diversified exhibit of fabrikoid and other 
products made by this company, apart from its main par- 
pose of manufacturing munitions. The display of bensene, 
toluene, naphthalene, nitrobenzene, and dimetbylaniline 
was limited to the raw materials which will serve in the 
extensive plans of the company to enter upon the produc- 
tion of dye- stuffs. 

Tht Calco Chemical Co., Bound Brook , N.J. 

A very effective display of intermediates, including 
nitrobensol, aniline oil. aniline salt, dimetbylaniline, 
dinitro-bensol, metaphenylenediamine, fi-naphthol, sol- 
pbanilic acid, naphthionic acid, nitro-xylol, xylidine, and 
paranitraniline. The dyes regularly manufactured are 
Acid colours — scarlet 2R, scarlet aRX, orange II., 
Bordeaux B, crimson Y, Bordeaux aBX, tartasine. 
Chrome colours— yellow, orange, green, brown. Basic 
colours— methylene blue, methyl violet. Direct colours 
—orange R, maroon red, red, chrysamine, violet R. 
Lake colours— lake scarlet 2R, lake e:arlet aRX, acid 
orange, Bordeaux B, methylene blue, methyl violet. All 
of the dye-stuffs were shown in solution. The sample 
dyeings were grouped together in a fan-shaped design, in 
front of which was an enormous cube of /3-naphthol. The 
whole arrangement was very effective. 

The Williamsburg Chemical Co., Inc., Brooklyn. 

The exhibit included the following intermediates: — 
Benzylchloride, benzalcbloride, bcnsaldcbyde, benzoic 
acid, U.S.P., benzoate of soda, U.S.P., and dinitro- 
cblor benzol. But three dye-stuffs are made by the 
company : — Sulphur black, malachite green, and aur- 
amine. These were accompanied by sample dyeings. 
The whole display was very tastefully arranged. 

Net v Jersey Products, Inc., Siller Lake , N.J. 
Under this new designation appeared the products of 
the Thomas A. Edison Affiliated Companies. They 
were Benzol, toluol, xylol, solvent naphtha, naphthal- 
ene, phenol, aniline oil, aniline salt, acetanilide, para* 
phcnylenediamine, para-amidopbenol base, para-amido- 
pbenol, hydrochloride, para-nitroacctanilide, benzidine, 
benzidine sulphate, acetyl-para-phenylenediamins. The 
coal-tar products made by the Edison companies are not 
many in number, but are manufactured upon a very large 
scale. Mr. Edison was one of the first, in 1915, to produce 
synthetic phenol and aniline in great quantities. He has 
limited subsequent enpansion to a few important deriva- 
tives of these substances, notably para-pbenylenediamine 
and para-amidopbenol. Aoiline is no longer produced for 
the market. The output of synthetic phenol continues, 
however, to be very large, and it is the intention to con- 
tinue this feature indefinitely after the return to normal 
conditions, even in competition with phenol secured directly 
from coal-tar. Both phenol and para- pheny lane diamine 
are employed to quite an extent in the manufacture of 
records for phonographs and gramophones |condusted by 
the Edison Co. 

Butterworth-Judson Corporation, Newark, N.J. 

A most imposing display was made by this company of 
the great variety of general chemicals manufactured in 
ita extensive works. It is but recently that it has entered 
the field of coal-tar compounds. The list of intermediates 
now eerrently produced is, however, long and varied. 
The exhibit contained :— Nitro- benzol, dl-nitro benzol, 
mete- and para-phenylene-diamine, benzidine sulphate, 
benzidine base, nitro-naphtbalene, di-nitro-nephthalene, 
• naphthyl amine, naphthionic acid, >tbyl-e-naphtbylamine, 
methyl e-nsphtbylamine, dipbenylamine, H acid, y-acid, 


Neville and Wintbcr acid, Schaeffer's add, C leva’s ad d, 
0-napbthyIamioe, para-nitraniline, meta-nitrtniiine, pure* 
niuophenol picramic add, mono- and di-saiphook adda, 
R acid. Q salf, di-amino-tstra-msthylbensopbeoooe, di- 
amino-teua-methyl-benzhydrol , bensat chloride, benzyl 
chloride, bensotrichlorida, aalfcvlic add, salkrlate of 
soda, methyl salicylate, pbthalic anhydride, dimethyl- 
aniline. No colours were shown except Victoria blue and 
crystal violet. The company is now m aki n g phoegeoe 
and acetic anhydride on a large scale, cepedelly for use 
in the manufacture of coal-tar dyes. 

The Raids fe Colour and Chemical Works, Bliaahetk, N .J 

Nigrosinc is the chief product made at pres en t. It was 
shown in all the standard forms, in blue, blue-b lack , and 
jet-black shades, and oil, spirit, and water soluble 
varieties. 

The American Synthetic Colour Co., Stamford, Cornu. 

The efforts of this company are now concentrated 
chiefly on intermediates. The products shown were :— 
Picric acid, o-nitro-phenol, p-oitro-ehloro-benseoc, p-nitro- 
phenol, and dinitro-chloro-benzeee. The latter is the 
main element in the current output, and is supplied to 
manufacturers of sulphur-black. The comoenv is new 
producing large quantities of sodium nitrite, for the uee of 
dyers and manufacturers of aso colours. 

Empire Chemical Co., New Brunswick, N.J . 

Tbs activities of the company are devoted chiefly to 
intermediates. Its exhibit contained : — Nitrobenzene, 
aniline, ^-nitraniline, o-toluidine, d-teluktine, m-nitro-p- 
teluidine, ^-nitro-o-toluidine, ^-amido- phenol, and p-f^tro- 
ohloro- benzene. In addition there were various nigroeinee. 

King Chemical Co., Bound Brook, N .J. 

The company displayed sulphur-blue, sulphur-black, 
methylene-blue, and primeline, accompanied by various 
direct reds, pinks, oranges, and yellows. There was a 
good collection of sample dyeings. 

Hellenic Chemical and Colour Co., New York. 

The dyes made by this company are methyl violet, 
methylene blue, Bismarck brown, nigroeinee, eoeine, 
fucheine, malachite green, and victor! « blue. It specialises 
also in lakes and dry colours, and showed in this collection 
toluidine-red toner, para-red and para tooer, pbioxioe 
lake and phloxine toner, magenta lake, rose lake, and 
madder lake. 

Dye Products and Chemical Co., Newark, N.J. 

Ihe oompany made a very creditable exhibit of inter- 
mediates and finished dyestuffs. The former included 
nitro-toluol, diniuo-toluol, meta-toloylenc -diamine, di- 
amine-developer C (crystals), toluidine, aniline, and para- 
pbenyleoe -diamine. 

The chief colours represented were Naphthol green, 
Newark-scarlet, ponceau-scarlet, acid-yellow, chrome blue- 
black, chrome brown, copper-purple, chrysoidinc, eoein, 
and Bismarck brown. 

Madera Bros., New York. 

This firm, while not manufacturing, is doing a large 
business as a distributor of chemicals, and especially of 
dye-stuffs. It is rendering excellent service in building up 
foreign markets for oar chemical products. It pr es ent e d 
an excellent display of intermediates and of colours, in- 
cluding some made by the Monroe Drug Co., of Quincy, 
III.— notably H acid. 

Prank Hemingway, lac.. New York. 

This company is also devoted largely to the distribution 
and export of chemicals and dye-stuffs. It baa, however. 
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entered the field of coal-*ar products, and mandfsctures 
on a large scale Michler’s ketone, and various dyes made 
by its aid. The following coloora were exhibited : — 
Victoria blue B, victoria bloe R, victoria blue 4R, crystal 
violet -malachite green, Bismarck brown, primuline, 
aafranine, para-nitraniline, methylene blue. Attractive 
charts, with coloured ribbons, outlined the genesis of each 
dye from coal-tar crudes. 

Fifty intermediates were shown, among which were 
c - napbthol, • - napbtbylamine, aniline, Bayer acid, 
benaidine, base and sulphate, benzaldehyde, benxyl 
chloride, fi napbthol, 0-napbthylamine, Broenner’s acid, 
dimetbylaniline, dinitrobenzene, dinitronaphtbalene, di- 
nitropheno), dinitrotoluene, diphenylamine, 7-acid (at6:8), 
H acid (z:8:3:6), metapbenylenediamine, Michler’s hydrol, 
Michler’s ketone, napbtbionic acid, Neville and Wintber’s 
acid, ortho-nitro-phenol, ortho-toluidine, para-amido- 
phenol, para-dicblorobenzene, para nitro-phenol, para- 
phenylenediamin*, paia toluidine, phenylalphanaphthyl- 
amfne, pbthalic anhydride, picramic, resorcin, R salt 
(2:3:6), salicylic acid, Schaeffer’s acid, sulphanilic acid, 
tetranitromethylaniline, and xylidine. 

A . Klifs (tin and Co., New York . 

The exhibit of this long established firm included 
numerous chemicals for the use of the dyer and tanner. 
Of especial interest were the sulphur dyes now made in 

S uantity at Chrome, N.J., by the E. C. Klipstein and Sons 
!o. They embraced blacks, blues, yellows, browns, and 
khaki tints. The zeta black is in demand for hosiery. 
Vat blues and indifo extract of this company are in 
extended use. An interesting feature was the collection 
of ciba colours and other coal-tar dyes, the products of the 
Basic Society of Chemical Industry, which the firm has 
imported regularly from Switzerland during the war, and 
which have done much to lessen the acuteness of the dye- 
stuff shortage. 

Geisenheimer and Co., New York. 

This well known importing and jobbing firm displayed a 
great variety of artificial colours, mostly from American 
works for which it is the selling agent. The most in- 
teresting feature of this extensive exhibit was the collec- 
tion of dyea now made currently by the Ault and Wiborg 
Co., oi Cincinnati, O. This company is one of the 
largest, if not the largest, producers of inks in the world. 
It requires normally very considerable amounts of a few 
staple shades. When cut off from European sources of 
supply in 1915, it promptly erected large works to furnish 
an adequate supply for its regular needs. The results 
were so successful that the output was notably enlarged 
both in quantity and variety. The colours exhibited were 
the following pigments : — Ambrose red, liberty toner and 
liberty red, all in various shades, and the following dyes : 
Alizarin orange W, alizarin yellow 6GW» chrome 
bordeaux, cloth red GO, acid bordeaux, acid orange No. 
2, amaranth, azo crimson, brilliant acid orange G, 
croceine 3BX, fast red A, induline NN, metanil yellow, 
ponceau G#, scarlet RR, tartrazine cone, eosin, erythrosin, 
mcldola blue, and Bismarck brown R and Y. 

The following intermediates, manufactured by Ault and 
Wiborg, were also shown > — Amido-azo-toluol hydro- 
chloride, amido-azo-bcnzol - hydrochloride, a-naphthyl- 
amine, a-naphtbylamine-bydrocbloride, c-nitro-napbtha- 
lene, aniline oil, aniline salt, Bayer salt 2 : 8, Broenner 
acid 2:6, / 3 -napbihylamine, 0-naphthol, dinitro-benzol, 
dinitro-cbloro-benzol, dinitro-toluol, monosulphonic acid 
F 2^7, nitro-benzol, nitro-ortho-chlor-benzol, naphthionic 
acid z : 4, Neville- Winther acid, ortho-toluidine, para- 
toluidine, paranitraniline, para-amido acetanilide, para- 
nitro-chlor-benzol, phenyl-a-napbtbylamine, Rsalt 2:3:6, 
Schaeffer salt 2 : 6, sodium napbthalene- 0 -sulphonate, sul- 
phanilic acid, tetra-methyi-diamino-diphenyl-methane, and 
xylidine. 

(To be continued)- 


THE PATENTS AND DESIGNS BILL. 

Its Provisions and Purpose. 

This Bill, which was presented to the House of Commons 
by Sir Albert Stanley on November ig last, seeks to amend 
the Patents and Designs Act, 1907, in the light of the 
experience gained from working the existing Act and also 
the Temporary Roles for which authority was given by 
Parliament in Z914. Under the Patents, Designs, and 
Trade Maras (Temporary Rules) Acts licences have been 
granted for the working of enemy-owned patents and 
designs, and permission given to use enemy trade marks, 
and considerable information has been thus obtained aa to 
the effect of our Patent and Trade Marks law on business 
undertakings, and in particular on those under foreign 
control. In view of this experience it appeared to the 
Board of Trade necessary that the principal Act of 1907 
relating to patents should be amended in several im- 
portant particulars. The whole question was considered 
from the commercial point of view by a Sub committee 
of the Advisory Committee on Commercial Intelligence, 
and the Board of Trade bad also the advantage of the 
advice of a special Committee under the Presidency of 
Lord Parker containing representatives of the legal pro- 
fession, inventors, and practising Patent Agents. The 
Bill is the result of their efforts. 

A patent to an inventor is the grant of a temporary 
monopoly which serves the double purpose of enabling the 
inventor to secure the support of capital to develop and 
work bis invention, and of giving to the public and trade 
generally the benefit of new discoveries. Homan brains 
need the stimulus of human ambition to make money and 
get on in life, if the community ia to get full value from 
their exercise. The inventor must, therefore, be en- 
couraged and rewarded so that be may exercise bis skill, 
and those with capital who desire to assist him must be 
afforded protection in their enterprise. But since mono- 
polies are liable to abuse, the State must endeavour to 
make sure that no naonopoly granted to a private person 
b y the Crown shall be wrongly used to the detriment of 
n ational trade or of national interests generally. 

Abuses of the Patent Monopoly. 

The new Bill aims at preventing — or at least of making 
very difficult — the chief abuses to which patent monopolies 
are subject. First, an inventor may from ulterior motives 
try to prevent tbe use altogether of the patented invention 
within the United Kingdom. Secondly, an inventor may 
be a foreigner who wishes to manufacture the invention in 
his own country and to export tbe products to Great 
Britain, which would meanwhile be prevented by him from 
manufacturing the products itself; this would be to 
encourage trade abroad and hamper it in Great Britain. 
Thirdly, while not going so far as to try to prevent tbe use 
of the manufacture of an invention in this country, an 
inventor may, in fact, restrict British trade by keeping the 
invention entirely in his own hand6 and unreasonably re 
fusing to grant licences for its manufacture by others. It 
is in tbe interests of our National trade that these abuses 
of the grants of patents should be stopped, and that every 
encouragement should be given for the early manufacture 
within this country of promising inventions. The Act of 
1907 sought to effect these purposes ; what the new Bill 
does is to provide a complete and comprehensive scheme 
and to make good the discovered defects in the existing 
Act. 

Compulsory Licences and Revocation. 

Clauses z and 2 of the new Bill are in substitution of 
Section 27 (Revocation of Patents worked outside the 
United Kingdom) and Section 24 (Compulsory Licences 
and Revocation) of the Act of Z907. It was found that 
the procedure under Section 24 was cumbrous and expen- 
sive and had been rarely used. And as regards Section 27 
the standard of comparison between British and foreign 
manufacture was one which has been difficult to work out 
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ia practice owing to the absence of the necessary date. 
It ie therefore proposed in Clause 1 of the B»U to amalga- 
mate theee two Sections of the Act of 1907 and to replace 
them by one danse. Simplicity and inexpensiveness are 
aimed at. Clause 1 provides that any abuse of his patent 
rifht8by the patentee — either by failure to work his patent 
or to grant licences on reasonable terms whenever the 
public interest demands, or by unfair conditions imposed 
00 the use or sale of the patented article— will render 
him liable to have his patent revoked, or a compulsory 
licence granted on reasonable terms whenever the latter 
course appears to be the fairer or more appropriate 
remedy. In comparison with Section 24 of the existing 
Act the procedure for obtaining licences has been greatly 
simplified and the grounds for applications for licences 
much enlarged and made more definite. Application is in 
the first instance to be made to the Comptroller with an 
appeal to the Court. The intention is to provide 
adequately against a patent being hung up. Toe pro- 
visions ol the Clause do not operate until after the expiry 
of four years in the life of a patent, and this period of 
freedom may be extended if the Comptroller judges that 
the time which has elapsed has been insufficient to enable 
the invention to be worked within the United Kingdom 
on a commercial scale. 

The Two Main Classes of Inventions. 

Inventions may be roughly divided into two classes : 
those which do and those which do not require for 
their development large amounts of capital. A small 
patented article of general utility, cheiply made and put 
on sale, may become profitable quickly and at little initial 
cost. On the other hand a machine, ultimately of great 
importance and value, may absorb £100,000 in capital 
and several years in time before the patentee or capitalist 
reaps the fruit of bis enterprise. In the new Bill Clauses 1 
and 2 are framed so that the tribunal— the Comptroller, 
the Court (on appeal), or in cases of agreement an arbi- 
trator — may exercise adequate discrimination in deciding 
whether in any particular case there has been abuse ol the 
patent monopoly. Revocation of a patent is not always, 
or even most often, the best course to adopt in the public 
interest. In very many cases the grant of compulsory 
licences is the most effective remedy and will secure the 
working in the United Kingdom of the patent. Suppose, 
for example, a foreign patentee wanted to prevent his 
patent from being worked in this country : if compulsory 
licences were gtanted to manufacturers here then the 

K tent would be worked and British trade be benefitted ; 

t if it were revoked altogether then the foreign patentee 
mi^bt secure a practical monopoly, in spite ot this revo- 
cation, by importing the article from abroad on terms 
* making British competition practically impossible without 
? Ike assistance of the Patent monopoly by which the bolder 
of a compulsory licence would be protected. 

A '• Licence Patent.” 

Clausa 2, which is substituted for Section 24 of the Act 
of 1907, proposes that the patentee should be allowed to 
declare his patent to be a M licence patent ** and to have 
it endorsed with the words “ licences of right.** In that 
event anyone who wishes may claim a licence under it as 
0 right. This provision is intended to encourage the com- 
mercial working of inventions, and to be of possiblr 
assistance to inventors who have no means of exploiting 
their inventions themselves or of coming into contact 
with those who wish to use the invention commercially. 
In default of agreement the terms of the licence are to be 
settled by the Comptroller or the Court. Care will be taken 
whan framing the rules to carry out the provisions of this 
Clause, that a patentee does not evade the possibility of 
the revocation of his patent by converting it into a 
M licence patent.** 

Oppositions to Grant of Patents. 

It has been frequently re pres so ted to the Patent Office 
that the present search through British specifications of 


me preceding fifty years is insufficient and that an attempt 
should be made to make the seerch universal. The ex- 
perience of other countries, which profess to make a 
universal search, suggests that so catholic and ideal an 
aim is not possible ot attainment in practice. It is, how- 
ever, felt that in order to guard against the grant of 
invalid patents certain grounds of opposition might usefully 
be allowed in addition to those provided under Section it 
of the Act of 1907. Clause 4 of the new Bill provides 
that opposition to a patent may be filed — (ij on the ground 
that the invention has been published in any printed docu- 
ment before the date of application for a patent ; and (2) 
in the case of applications under toe International Con- 
vention, when the invention described in the application 
filed in this country differs from that described in the 
specification filed in the country of origin, and when the 
additional matter forms the subject of an application made 
by the opponent in the interval between the deposit of the 
application in the foreign State and the deposit of the 
application in this country. The remainder of Clause 4 
consists of re-drafting made necessary by these proposed 
amendments. 

Assignments oj Patent Rights. 

Clause 5 amends Section it of the Act of 1907 relating 
to the grant and sealing of patents. It provides a remedy 
for a breach of agreement by an applicant who has under- 
taken in writing to assign the patent, when granted, to 
another person or joint-applicant, but who refuses to pro- 
ceed with the application. In such an event the patent 
application may, under the new Clause 5, go forward at 
the request of the person to whom the invention has been 
assigned when the original inventor declines to carry out 
his agreement. 

The Term 0 / Patents : Extension. 

Tne present duration of a patent is fourteen years from 
the date of the original application. The term is lesethao 
has been adopted by most other countries signatory to 
the International Convention. It has been frequently 
urged by other countries— and among them our principal 
Allies— that we should extend our term of fourteen years. 
Inventors generally have supported this request. It has 
been felt by those responsible for the new Bui that oppor- 
tunity should be taken now for extending the term of 
British patents to fifteen years at least. The Bill, by 
Clause 6, grants the term of fifteen years, and gives power 
by Order in Council for a further extension to sixteen 
years should this extension become expedient— in view of 
any conventions with foreign countries. It is important 
to note that the proposed extension under Clause 6 is 
granted to all patents in force when the Bill becomes an 
Act, aod not only to new patents. 

The Suggested War Extension. 

The point which has just been mentioned has an im- 
portant bearing on Clause 7 dealing with the power of 
the Court to extend for special reasons the term of a 
patent beyond the date of its normsl expiry. At present 
if, after enquiry, the Court finds that a patentee has not 
been adequately remunerated by hie patent— if, for 
example, it has been an important and worthy machine, 
or process, that has taken several years to develop before 
becoming revenue earning— the Court has power to extend 
the patent for seven years and even, in. very exceptional 
cates, for fourteen years. The War has introduced a new 
factor, and it has been urged on the part of inventors 
that the term of all existing patents should be extended 
automatically for the period of the war. The Board of 
Trade did not feel able to recommend this eeneral war 
extension of all patents, as it would not discriminate 
between those inventors who had made large war profits 
— as many of them have done — and those who have 
suffered losses. General war-period extension of patents 
cannot be defended. What the new Bill proposes to do 
is to provide for an extension in the esse 01 those inventors 
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who can establish a just claim to it. Power is given to 
the Court under Clause 7 to extend the patent term ot 
those patentees who can prove that loss has been due to 
hostilities. Patentees who are subjects of enemy States 
are excluded from benefits of this Clause. In view of the 
general extension of patent terms by one or two years 
under Claose 6 of the Bill the period of extension within 
the discretion of the Court is reduced. Instead of being, 
as at present, for seven and, in exceptional cases, four- 
teen years, it becomes under the new Bill for six and 
twelve years respectively. 

The remaining Clauses of the new Patents Bill which 
aim at reducing the cost and rendering more simple the 
trials of patents actions, and those Clauses which deal 
with the grant of patents for articles of food and drugs, 
the registration of designs, the compulsory registration ot 
assignment of patents and designs, the registration of 
patent agents and certain minor amendments to the Act 
of 1907 will be described snd explained in a second article 
to be published next week .— The Board of Trade Journal , 
19H1 C., 4 - 


TEN YEARS OF AGRICULTURE THROUGHOUT 
THE WORLD.* 

In dealing with the statistics of agriculture, even more 
particularly than in reviewing those relating to other 
matters, the wide variety of crops, of climate, of terms 
employed, makes it exceedingly difficult to draw up any 
estimates of production that are beyond cavil. In the 
course of the nineteenth century many efforts were made 
to accomplish this aim, but in order to reach a practical 
and tangible result it became necessary to create a central 
organisation of high standing, specially arranged for the 
collection and scientific classification of the very miscel- 
laneous data which are published in so many parts of the 
world. This central organisation is the International 
Institute of Agriculture of Rome, so well known to 
competent authorities by its numerous publications, and 
this Institute has just issued a new work dealing on a very 
complete and accurate basis with the world's agriculture- 

This volume is the 11 International Year-book of Agri- 
cultural Statistics 1907 to 1916,'* and is without any doubt 
the most complete work in existence on agricultural 
statistics, as it is the result of the most extensive and, at 
the same time, the most detailed research yet devoted to 
this study. 

Comprising over one thousand pages, the 836 statistical 
tables are replete with every sort of information upon the 
subjects considered, thus establishing the volume as one 
of the highest importance. 

The number of agricultural products embraced is very 
large, and those of tropical countries have received as 
much attention as the crops of the temperate zones have 
secured. 

In due sequence are furnished all the available data 
regardiug areas cultivated in each country, the total yields 
realised, and the yields obtained on a given standard of 
area. Besides all this the Year-book includes the five 
years’ and ten years' averages for the period included, so 
that readers can ascertain at a glance whether in any parti- 
cular year cultivation has extended or has been restricted 
in a given country and whether the results have been 
favourable or the reverse. 

The first products to be considered are the cereals, as 
naturally being of capital importance for food, the very 
basis of human requirements inasmuch as they furnish 
our daily bread. 

We find that the ascertainable annual yield of wheat 
throughout the world exceeds a thousand million quintals, 
and represents at present values more than two thousand 

* International Institute of Agriculture, Bureau of General 
Statistics. 


millions sterling ; the yield of maize is nearly as large as 
that of wheat, and is worth one thousand millions sterling, 
while the aggregate value of the six chief cereals (wheat, 
rye, barley, oats, maize, and rice) is not less than six 
thousand millions sterlings, or thirty billions of dollars, 
yearly. 

The yield of potatoes is over fifteen hundred million 
quintals, and that of sugar beet is more than five hundred 
million quintals. Every year the world has at disposal 
a total of 150 million quintals of beet and cane sugar, 
nearly 150 million hectolitres of wine, ten million quintals 
of coflee, more than eight millions of leaf tobacco, nearly 
one million quintals of hops. 

Textile industries account annually for nearly fify 
million quintals of cotton, eight millions of flax, seven 
millions of hemp, while silkworm breeders in Europe and 
Asia deliver to the trade more than 200 millions in 
cocoons. The raw material for vegetable oils comprises 
yearly throughout the world an aggregate of thirty million 
quintals of olives, and a similar quantity of linseed, four 
millions of bempseed, and five millions of rapeseed. 


ORDERS OF THE MINISTER OF MUNITIONS. 

Ministry of Munition of War, 
Whitehall Place, S.W. 1. 

December 31, 1917. 

Tar. 

The Minister of Munitions in exercise of the powers con- H 
ferred upon him by the Defence of the Realm Regulations 
and of all other powers enabling him hereby orders as 
follows : — 

1. For the purposes of this Order the expression “coal- 
tar ” shall mean tar produced or derived from the destruc- 
tive distillation of bituminous material by any means other 
than blast furnaces, the expression 11 water-gas-tar '* shall 
mean tar produced by carburetting water-gas, aud the 
expression “ tar ” shall mean and include both coal-tar and 
water-gas- tar as above defined. 

2. No person shall as and from the day following the 
date of this Order until further notice purchase or ofler to 
purchase any tar (whether crude or dehydrated) except 
under and in accordance with the terms and conditions of a 
Licence issued by or under the authority of the Minister 
of Munitions. Provided that no licence shall be 
required — 

(а) By a tar distiller for the purchase of tar in any 
quantities, provided that the whole quantity purchased is 
intended to be and is in fact distilled to pitch by such 
distiller. 

(б) By any person for the purchase of tar (whether 
crude or dehydrated) in quantities not exceeding ten 
gallons provided that the total quantity purchased by any 
one person during any one calendar month does not exceed 
50 gallons. 

3. No person shall as from the day following the date 
of this Order until further notice except under and in 
accordance with the terms and conditions of a Licence 
issued by or under the authority of the Minister of 
Munitions — 

(i.) Accept delivery of or make payment for any coal- 
tar tendered for delivery under any contract existing at 
the date of thia Order unless (e) such contract was entered 
into prior to September 5. 1917, and is in writing, and (6) 
full written particulars of such contract were furnished to 
the Minister of Munitions before October 1, 1917, by the 
person entitled at that date to deliveries thereunder ; or 

(ii.) Accept delivery of or make payment for any water- 
gas-tar tendered for delivery under any contract existing 
at the date of this Order unless (a) such contract is in 
writing and (b) full written particulars of such contract 
shall be furnished to the Minister of Munitions before 
January 25, 1918, by the person for the time being entitled 
to deliveries thereunder. 
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4. As on and from Janomry 15, 1918, until further notice 
no person manufacturing or producing tar shall bum or 
consume any such tar for firing, steam raising, or beating 
purposes, nor use any such tar for any .other purpose 
eacept under and in accordance with the terms and con- 
ditions of a licence issued by or under the authority of 
the Minister of Monitions. Provided that no such licence 
shall be required by a manufacturer or producer of tar 
who is also a tar distiller to entitle him to distil to pitch 
all or any of the tar manufactured or produced by him. 

5. The Order of the Minister of Munitions dated 
September 4, 1917, relating to coal-tar is hereby cancelled, 
but such cancellation shallnot affect the previous opera- 
tion of that Order nor the validity of any action taken 
thereunder, nor the liability to any penalty or punishment 
in respect of any contravention or failure to comply with 
such Order prior to this cancellation nor any proceeding 
or remedy in respect of such penalty or punishment. 

6. This Order may be cited as the “ Tar (Coal and 
Water-gas) Order, 1917.” 

Crude Solvent Naphtha, Solvent Naphtha, and 
Heavy Naphtha. 

The Minister of Munitions in exercise of the powers 
conferred upon him by the Defence of the Realm Regula- 
tions, and of all other powers enabling him hereby Orders 
as follows : — 

1. No person shall as from January to, 19 18, until 
further notice supply to any person, or take, or accept, or 
attempt to obtain delivery of any crude solvent naphtha, 
solvent naphtha, or heavy naphtha, except under and in 
accordance with the terms and conditions of a licence 
isesuod by or under the authority of the Minister of 
Munitions. 

2. All persons engaged in producing, treating, dis 
tributing, storing, selling, or dealing in crude solvent 
naphtha, solvent naphtha, or heavy naphtha, or in any 
manufacture, trade, or business in which the same or any 
of them are used, shall make all such returns with regard 
to their businesses and verify the same in such manner 
(including production of their books) as may from time to 
time be required by or under the authority of the Minister 
of Munitions. 

3. Foe all purposes of this Order the expressions 
“ crude solvent naphtha,” M solvent naphtha,” and M heavy 
naphtha” shall mean crude solvent naphtha, solvent 
naphtha, and heavy naphtha obtained during distillation 
of coal-tar or extracted from coal-gas. 

4. This Order may be cited as the Naphtha Order, 1917. 

Note. -All applications in reference to this Order, in- 
cluding application for licences, should be addressed to 
the Director of Raw Materials Supply, Ministry of 
Munitions, Department of Explosives Supply, Storey's 
Gate, Westminster, S.W. 1. 


CORRESPONDENCE. 


PARAFFINOID MATTER IN PEAT. 

To the Editor of the Chemical News . 

Sir,— The presence of a solid paraffin in black peat is 
now well known. I may just mention that about the year 
1869 Dr. Angus Smito asked me to extract a portion of 
Scotch black peat with benzene. The dried substance 
yielded about 4 per cent of a deep brown paraffin. 1 
recollect Dr. Smith remarking that possibly liquid paraffin 
might accompany the water underlying the peat, when the 
latter rested in a rock basin. 

These remarks of mine sre suggested by the discovery 
of mineral oil at Ramsey, Hunts, on Christmas Day.— 
I am, Ac., 

P.H. 


To the Editor of the Chemical News . 

Sir, — May 1 ask for a few lines in your valuable paper 
about a problem which is no doubt pozzling many young 
chemists to-day. We have joined the army with a desire 
to take a more active part in the war than as a junior 
chemist in a monition works. After taking the ordioary 
examinations at a secondary school we have continued our 
education in chemiatry and metallurgy at night r lasses, 
working in the laboratory of a steel works during the day. 
What will become of us sfter the wsr ? Shall we be 
given a chance to catch np our interrupted studies ? 

Hoping 1 have not taken too great a liberty.— I am, &c., 

Duration. 


NOTICES OF BOOKS. 


Trattato di Ckimica Qenerale ed ApiUcalm all ’ Indnstria. 

Vol. I. Chimicm Inorganic «. (“Treatise on General 

Chemistry and Chemistry Applied to Industry. Vol. 1 . 

Inorganic Chemistry "). By Dott. Ettore Molinari. 

Fourth Edition, Part I. Milan: Ulrico Hoeplt. 1918. 

Pp. xiv+560. Price L. ia.50. 

This well-known text-book has been thoroughly revised, 
and the fourth edition contains a large amount of new 
materiel. It gives e very comprehensive survey of applied 
inorganic chemistry, and may certaioly be regarded as the 
standard work on the subject in the Italian language. 
The first pert of Volume I. deals with the theories of 
chemistry, end the laws of physical chemistry are par- 
ticularly folly and clearly treated, their application in pro- 
cesses of commercial importance being always kept in 
view. In the second section of the book the properties, 
preparation, and uses of the metalloids ere discussed in 
detail, industrial methods of preparation are described, 
as well as those ordinarily employed in tbs laboratory, 
and some processes of historic importance are included. 
Fall statistics of production and consumption are given, 
and no important substances have been omitted. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 


Note — All degress of temperature arc Csatigrads solace otherwise 
expr essed . 

Comites Rendue Hehdoma d a i res des Seances de VAcadimie 
des Sciences . Vol. dxv., No. 16, October 13, 1917. 

Refractory Properties of Magnesia.— H. LeCbatelicr 
and B. Bog itch. — Pure magnesia fuses at about 2400°, 
but the magnesia used for making bricks is never pore ; it 
contains varying proportions of oxide of iron which colours 
it brown, end also some silica and alumina. All tbeee 
impurities increase iu fusibility. The authors have com- 
pared commercial bricks with those made of pore silica, 
measuring the resistance to crushing at various tempera- 
tures. All the bricks showed e sodden fall of resistance to 
crushing at e temperature depending upon their degree of 
purity, and it is for this reason that magnesia bricks are 
less satisfactory in furnace works than silica bricks, 
although their fusing-points, when they are not subjected 
to mechanical forces, art vary considerably higher. 

No. 17, October 22, 1917. 

Transformation of Secondary and Tertiary Fatty 
Amines into Nitriles. — A. Mailbe and F. de Godon.— 
When di -isoamy lamina it pasted over reduced nickel heeled 
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to 300— 320*, isoamylnitrile is obtained, together with 
hydrogen, some isoamylene, tri-isoamylamine, and am- 
monia. Copper does not give the same result as nickel. 
Tri-isoamylamine in the same circumstances also yields 
isoamylnitrile. This reaction is unexpected, and further 
experiments will be made to see whether it is generally 
applicable to other secondary and tertiary amines. 

Condensation, under the Action of Potash, of 
Cyclohexanol with Secondary Butyl Alcohol ; Syn- 
thesis of 4-Cydohexyl-3-butanol. — Marcel Guerbet. — 
The author has already shown that when cyclohexanol, 
CfiHuOH, is heated to 215°, in presence of caustic 
pottsb with isopropyl alcohol, CH 3 — CHOH— CH 3 , 
it condenses to give cydohexylisopropyl alcohol, 
C6Hn— CH2— CHOH — CH 3 . He has now found that in 
the same experimental conditions cyclohexanol condenses 
with secondary butyl alcohol to give a hitherto unknown 
alcohol, which has been found to be 4-cyclohexyl-3- 
butanol. Thus the cyclic alcohol cyclo-bexanol behaves 
exactly like a secondary alcohol of the fatty series con- 
taining the same number of carbon atoms. 

No. x8, October 29, 1917. 

Distillation of Mixtures of Sulphuric and Nitric 
Acids.— Paul Pascal. — The author has determined the 
boiling-points of mixtures of water, sulphuric acid, and 
nitric acid, and gives the diagrams which show the results 
graphically. These diagrams give all the elements neces- 
sary for the theory of the concentration in retorts of weak 
nitric acid, and the denitration in towers of nitio- sulphuric 
acid mixtures. 

Preparation of Acyl Hydroxylamines from the 
Oximes of a-Ketonic Acids. -J. Bougtult. — By the 
action of iodine and sodium bicarbonate upon the oxime 
of an a-ketonic acid an acyl hydroxylamine is formed 
and carbon dioxide is eliminated. Thus phenyl pyruvic 
oxime, . C6H5.CH2 CNOH.COaH, Rives phenylacctyl 
hydroxylamine, C6H 5 .CH 2 .CO.NHOH, while at the same 
time some nitrile, viz., C6H s .CHa-CN, is formed. Other 
members of this new series of acyl hydroxylamines have 
been formed by similar reactions. 


“ The Empire, its Commerce and Commercial Re- 
quirements.” — A course of public lectures will be given 
at the London School of Economics and Political Science, 
Clare Market, Portugal Street, W.C. 2, on Friday evenings 
at 5 p.m. The following is the programme January x8 
-“Artificial Manures,” by Sir Alfred Hall, K.C.B., 
M.A., F.R.S., formerly Director of the Rotbamsted Ex- 
perimental Station. January 25 — “ Fodder,” by T. B. 
Wood, M.A., Drapers’ Professor of Agriculture in the 
University of Cambridge. February 1— “Meat,” by Mr. 
Charles Elgar. February 8— “Fibres,” by Mr. Alfred 
Wiggleswortb. February 15 — “ Timber,” by Mr. W. R. 
Lenanton, J.P. February 22— “Wood Pulp and Paper- 
making Materials,” by Mr. R. W. Sindall, Consulting 
Chemist, Specialist in Paper Technology. March 1 — 
“ Leather and Tanning Materials,” by Dr. J. Gordon 
Parker, Principal of the Leatbersellers’ Company’s 
Technical College. 

Society of Public Analysts.— The Annual Genera' 
Meeting of the Society will be held on Wednesday 
February 6, 1918, at the Chemical Society’s Rooms, 
Burlington House, Piccadilly, W., at 5 p.m. The 
accounts for the year will be presented, the President will 
deliver bis Annual Address, and the election of Officers 
and Council for the ensuing term will take place. The 
appointment of auditors will also take place. Mr. 
Norman Evers, the retiring Auditor, offers himself 
for re - election, and Mr. C. C. Roberts has 
been nominated in place of Mr. H. F. Stephenson. 
The Ordinary Monthly Meeting of the Society will be held 
immediately following the Annual General Meeting, when 
the following Papers will be read “ A Modified Acetic 
Acid Reagent for Valenta Tests,” by A. E. Parkes, F.I.C. 
“Oiticica Oil— a New|DryingOil,”by E. Richards Bolton, 
F.I.C., and Cecil Rcvis, A.C.G.I., F.I.C. Seven candi- 
dates for admission to the Society will be balloted for. 


NOTES AND QUERIES. 


No. 19, November 5, 1917. 

The amount of Nitrogen in Oxidised Coals.— P. 
Mahler. — Coal always contains a certain amount, varying 
from 0*7 to 2*5 percent, of nitrogen. Samples of oxidised 
coal from Decazeville were analysed, and it was found 
thgt the percentage of nitrogen present was not much 
affected by the degree of oxidation. 


*** Our Notes and Queriescoluran was opened for the purpose of giving 
and obtaining information likely to be of use to our readers generally. 
We cannot undertake to let this column be the means of transmitting 
merely private information, or such trade notices as should legitimately 
come in the advertisement columns. 

Underground Temperatures - Can any reader give me informa- 
tion with regard to the constancy of temperature at depths below 1000 
feet ? Any data extending over a period of up to ten years at intervals 
of about six months would be most useful.— E. R. O. 


MISCELLANEOUS. 


MEETINGS FOR THE WEEK. 


Illuminating Engineering Society.— A Meeting will 
be held at the House of the Royal Society of Arts (John 
Street, Adelpbi, London), at 5 p.m., on Tuesday, January 
15, 19x8, when a paper on “Ten Years of Illuminating 
Engineering — ite Lessons and Future Prospects ” will be 
read by Mr. L. Gaster. 

Business Amalgamation.— Among the results of the 
present war has been the amalgamation of business firms. 
The latest instance of this is the incorporation of Messrs. 
Whittaker and Co., of White Hart Street, Paternoster 
Square, with Sir Isaac Pitman and Sons, Ltd. Messrs. 
Whittaker (of whom Mr. A. J. Kayment is the sole sur- 
viving partner, the other having given his life for the 
country) have long been known as publishers of scientific 
and technical books, and their catalogue enumerates 
many important books. Messrs. Pitman will enjoy the 
benefit of Mr. Rayment’s experience and his knowledge of 
what is required by scientific and technical students, as be 
intends to direct from their offices the new department 
thus added to their undertakings. 


Monday, 14th.— Faraday Society, 5.50. General Discussion on M The 
Setting of Cements and Plasters." 

Tuesday, 15th. — Royal Institution, 3. M Palestine and Mesopotamia— 
Discovery, Past, and Future," by Prof. W. M. 
Flinders Petrie. 

Institution of Petroleum Technologists, 8. "The 

Petroleum Industry of Rumania," by Capt. T. S. 
Maaterson. 


Wednesday, z6tb.— Microscopical, 8. Presidential Address, " The 
Royal Microscopical Society during the Greet 
War — and After,” by E. Heron-Alien. 

Society of Gloss Technology, 3 .i5. (In the Music 

Rooms, Theatre Road, Stourbridge). "The 
Durability of Heavy Lead-Potaah Glass, by 
J. D.Cauwood, W. K. S. Turner, end D. Webb. 
"Annealing of Glass," by S. English and 
W. E. S. Turner. "A New Blowpipe with 
Pre-heated Gas," by W. A. Whatmough. "A 
New Veriable-jet Blowpipe," by S. English. 

Thursday, 17th.— Royal Institution. 3 . "Generalship— a Battle of 
Napoleon’s (Austerlit/)," by Prof. Spenser 
Wilkinson. 


Friday, 18th— Royal Institution, 5.30. " Studies on Liquid Films," 

by Prof. Sir James Dewar. 

Saturday, 19th.— Royal Institution, 3. “The Chemical Action of 
Light," by Prof. W. J. Pope. 
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THE CHEMICAL NEWS 

Vol. CXVIL. No. 3034. 

THE ORES OF COPPER, LEAD, GOLD, AND 
SILVER. 

By CHARLES H. FULTON. 

Definition of “Or#.** 

It is difficult to define “ore” to at to include all the 
conceptions of the term that are and have been prevalent. 
The term may be given a technical and a scientific 
definition. The technical definition may be stated at 
follows 

Ao ore is a metalliferous mineral, or an aggregate of 
metalliferous minerals, more or lets mixed with 
pangue, containing metal of commercial importance* 
m such quantity that it may be extracted at a profit 
by the application of economic and skilful methods 
of mining and treatment. 

This definition restricts the term “ ore ” to natural 
mineral products yielding a metal, and makes only such 
material “ ore ” from which the metal may be extracted at a 
profit. 

The scientific definition may be stated as follows : — 

An ore is a metalliferous mineral that contains a metal 
that has found a recognised application in the arts 
and industries and occurs in such abondance in 
nature as to be of commercial importance. 

This definition has reference more to the particular 
mineral, either native metal or compound, as distinct from 
the mineral aggregate or mixed mineral mass in which it 
may occur, and does not bring in the (actor of quantity or 
profit. Thus, galena, the sulphide of lead, and argentite, 
the sulphide of silver, are ores of lead and silver in the 
scientific sense, irrespective of the quantity that may be 
present. In a mineral aggregate consisting of quartz, 
calcite (carbonate of lime), siderite (carbonate of iron), 
and a little galena, the last is the “ ore ” in the scientific 
sense, and the whole mass or aggregate is the“ ore ” in the 
technical sense, if the galena is present in sufficient amount 
to permit the extraction of lead at a profit. The “ gangue ” 
is the matrix of associated minerals in which the valuable 
mineral occurs, and must of necessity be mined from the 
ore body to recover the valuable mineral. The nature and 
the kind of gangue minerals are often important in deter- 
mining details of ore-dressing operations and metallurgical 
treatment. 

Although the gangue is slwiys mineral in character, it 
may be divided into two classes— (1) the minerals that 
make up the vein filling between two more or less distinct 
rock walls that inclose the vein or ore body, and (2) the 
rock mass itself throughout which the valuable mineral 
may be disseminated. 

Native metals or alloys, such as gold-silver, platinum and 
associated metals, and copper, were formerly not con 
sidered ore, but this exception is now obsolete. Thus the 
metallic copper disseminated throughout the amygdaloid 
rock in the Lake Superior district was formerly designated 
as “copper rock,” but is now properly termed “copper 
ore.” Metallic gold in quarts may be termed “gold 
quarts,” but is also a gold ore. Native metals, particularly 
gold and platinum, are found also in gravel beds, concen- 
trated therein at some time, ancient or recent, by the 
action of water currents, the metal having been removed 
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from its original position in some ledge by denudation* 
These deposits are known as placer deposits, and, as 
regards gold, the valuable part is designated “gold 
gravel.” This gold gravel is not considered an ore. In 
order to have the gold or other native metal considered as 
ore, it must be in place, that is, in its original position in 
the rock or mineral matrix. 


Determination of Quantity or Ore in a Given Deposit. 

In all mining operations a most important consideration 
is the quantity of ore as determined by the sixe and extent 
of the ore body or “ ore deposit.” The value of an ore deposit 
is determined by the following factors : (1) The sise of the 
ore body — that is, the amount of ore ; (2) the metal con- 
tent of the ore ; (3) the net retorn per ton of ore practic- 
ably obtainable — that is, the difference between the gross 
value and the total cost per ton of mining and treat- 
ment. 

It is the common experience in American mining that 
the first factor, the size of the ore body or the amount of 
ore available, frequently fails to receive proper considera- 
tion. At the beginning of a mining operation it is difficult 
to form a correct idea of the amount of ore that a certain 
area of ground will yield, and under efficient administra- 
tion of mining properties considerable prospecting is done 
by means of shafts, tunnels, drifts, and drill boles, with 
the object of outlining the extent of the ore body and 
determining the valoe of the ore. 

On new mining ground, this kind of work is absolutely 
essential before the erection of a treatment plant or the 
investment of considerable capital in a permanent mining 
plant can be considered. On property that is regularly 
producing ore, exploratory work is necessary in order to 
establish the presence of ore in sufficient quantity to last 
for a certain time, at the daily capacity, ahead of imme- 
diate needs. This ore comprises the “ ore reserves.” The 
ore reserves in well-administered mines should be sufficient 
to insure at least a year's supply or more of ore, the extent 
of the reserves depending upon several factors, chiefly the 
nature of the occurrence of the ore. 

When exploratory work fails to disclose the presence of 
sufficient ore, an investment of capital is clearly not war- 
ranted. As regards a working mine, when the exploratory 
work fails to reveal new reserves, arrangements are made 
to close the affairs of the concern as economically as 
possible. 

The question of the “ amount of ore ” seems extremely 
simple. In reality it is one that can be answered in roost 
instances only by the most expert work of experienced 
engineers. The ability to estimate the quantity of ore is 
frequently assumed by incompetent individuals, actuated 
by the hope of “ what might be ” rather than by facts. 
Such assumptions often lead to large expenditures of capital 
for a mining and treatment plant, which later on proves to 
be unwarranted. The vast number of decaying mining 
and milling plants in many parts of the United States is 
evidence, in large part, of mistaken judgment as to the 
quantity of ore. Other causes also operate, but their effect 
is not comparable to the one stated. 

There is a strong tendency in recent years to exercise 
greater conservatism and less hopefulness in reference to 
the auantity of ore in mining ground. The performance 
of adequate exploratory work directed towards establishing 
extensive ore reserves, before the construction of milling 
and treatment plants, is the policy of modern mining cor- 
porations. Manv of the larger mines of the country have 
ore reserves sufficient to last eight to ten years or more. 
There is thus an inclination to definitely outline and expose 
the ore in a given area before any considerable sum is ex- 
pended for equipment rather than to trust to good fortune 
that the ore will be found as work proceeds from year to 
year. The quantity of ore exposed in some of the larger 
metal mines, especially in copper mines, is great. This 
policy aids in giving stability and permanence to the 
mining industry. 
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Site and Situation of Deposit and Value of Ore . 1 

There is a great difference in the size of various ore 
bodies and in the value of ores. Tdus, the Goldfield 
Consolidated mine in Nevada in the year tqio-n yielded 
266,867 tons of gold ore of the gross value of 40.72 dols. 
per ton, and in 1910 the Alaska United Gold Mining Co. 
obtained from the Ready Bullion mine on Douglas Island, 
Alaska, 232,330 tons, having a gross value of 2.43 dols. 
per ton. These two mines about represent the extremes of 
value in large-scale gold-quartz mining in the United 
States. Similar examples could be given for copper 
mining. 

There is clearly a relationship between the quantity of 
ore and the value per ton. Wden the quantity of ore is 
sufficient to permit its being worked on a relatively large 
scale the value per ton that will yield a profit can be less 
than if the ore occurs only in relatively small quantities. 
Even though the value of the ore in a mineral deposit may 
be high, tde deposit may be so small that its development 
is not warranted. 

The situation of the ore body has an important influence. 
If the ore is situated on transportation lines, convenient to 
fuel supply, at a point where labour is plentiful and not 
\high priced, ore of lesser value may be worked at a profit 
than if the situation is remote from transportation facilities 
and from the labour market. Thus, advantageous situa- 
tion is a decided factor in the value of a mineral deposit. 
Whether a certain deposit can be worked depends, there- 
fore, on the following factors : (1) Metal content of ore, 
(2) quantity of ore, (3) situation of the deposit, and (4) 
nature (complexity) o* the ore. 

A large ore deposit with an average copper content of 10 
per cent situated at Butte, Mont., would be considered an 
extremely valuable property. The same ore body situated 
in an inaccessible part of the Desert of Sahara would be 
practically valueless at the present time. 

Although a given mineral deposit may not be available 
now, it may become so later on by the influence of two 
tactors, as follows : (1) A comparatively inaccessible loca- 
tion may become accessible by the extension of transpor- 
tation facilities and the general advance of civilisation, 
and (a) improvements in methods of mining and ore treat- 
ment may make it possible to work lower grade material 
than has heretofore been possible. Predictions of the 
exhaustion of metalliferous deposits within a compara- 
tively short time are often erroneously made because the 
above factors and the probability of new discoveries are 
not given sufficient weight. 

Within the past few years great copper deposits — the 
so-called “ porphyry coppers ” — have become available as 
ore in Arizona, New Mexico, Utah, and Nevada. Ten 
years or so ago these deposits were practically not consi- 
dered as being in any way available. 

In valuing mines, and in mining reports, the term 
“ average ore value ” or “ average value of the ore ” is 
frequently used. Although in some ore deposits the 
valuable metal is rather uniformly distributed, so that each 
ton mined contains about the same amount of metal, 
other deposits show a rather wide variation in metal con- 
tent throughout their extent and the value of the ore as 
mined varies. In working deposits of this kind a certain 
mimimum metal content that the ore must contain is 
determined, and material with a lower metal content is 
not mined but is left in place, or if the conditions make 
its mining necessary, it is rejected before treatment. 
Determination of the lowest grade of ore that can be mined 
at a profit frequently involves close calculation, as the 
leaving in place of mineral material may have the effect 
of increasing costs more than if it is taken out and treated 
with the rest of the ore. The “ average ore value ” may 
thus be defined as the value per ton of the workable part 
of the ore body, taken as a whole. 

No known economic method of metallurgical treatment 
can recover the whole of the metal content of an ore. 
There is always a loss, which varies with the metal to be 
recovered, with the nature of the ore, and with the method 


of recovery used. Broadly speaking, the recovery is 
greatest with gold, less with silver, and lowest for copper 
and lead. In milling processes recoveries of 90 to 96 per 
cent of the gold in the ore are not infrequent. In smelting 
processes these figures may be increased. In milling 
processes the recovery of the silver ranges from 60 to 92 
per cent, and more in exceptional instances, whereas in 
smelting proce ses it is usually g<f per cent and over, 
although under certain conditions it may be less. The 
recovery of copper from ores ranges from 60 to more than 
90 per cent, depending on the grade of the ore and whether 
it is concentrated before being smelted or is smelted direct, 
as concentration entails a considerable loss. The case of 
lead ores is similar to that of the copper ores, although 
the loss of lead in smelting is greater than in the smelting 
of copper. 

These facts must be considered in valuing an ore, as the 
profit per ton is the difference between the gross value of 
the ore and the sum of the total treatment cost and the 
loss per ton. One other factor entering into the value of 
copper, lead, or silver ores, or ores containing them, is the 
market price of the metal, which frequently undergoes 
wide fluctuations. Although gold has a standard value, 
the price of the other metals varies so that the value of ore 
of certain metal content may change rather rapidly. An 
appreciable drop in the price of silver may, for instance, 
place a producing silver mine in the unprofitable class. 

Classification of Copper , Lead , Silver , and Gold Ores . 

The accompanying classification of ores is made on a 
metallurgical basis, the mineral composition of the ore, 
including the gangue, determining the method of metal- 
lurgical treatment. Whether an ore is designated as 
copper, lead, gold, or silver ore is determined by the metal 
that predominates »n valre, but not necessarily in quantity. 
Altboogh certain ores are plainly copper, lead, gold, or 
silver ores, others contain two or more of the metals and 
their proper designation becomes more difficult, because 
the metallurgical treatment becomes more complex. Thus, 
although a copper ore containing gold and silver properly 
falls into the field of the metallurgy of copper, an ore that 
contains copper, lead, and gold belongs to the field of lead 
metallurgy if the lead is to be recovered. The basis 
adopted for the classification is therefore as follows : The 
metal first named in the ore type determines the primary 
method of metallurgical treatment, irrespective of what 
further treatment may follow in order to separate the 
metals in the ore. For example, a complex gold ore con- 
taining also silver and some lead minerals is treated by 
gold milling in which concentration is part of the process. 
The gold milling may include the recovery of some gold 
by amalgamation with mercury, followed by cyanidation 
for the recovery of more gold and some silver, followed 
by the concentration process that recovers the lead and 
other solphides, with some gold and silver from the gangue, 
or worthless part of the ore. The valuable concentrates 
are then shipped to the lead smelter, which recovers the 
lead and the remaining gold and silver. 

If, however, lead is the predominating metal in the ore 
even though gold may be present in considerable amount, 
the ore will be treated directly by the lead smelter. 

Gold and silver are readily recovered in both copper and 
lead smelting, alloying easily with the copper or lead fur- 
nace products, from which they may be separated in the 
subsequent refining operations. Copper and lead are 
hence collecting agents for gold and silver, which may be 
recovered from any ore by the processes of lead or copper 
smelting. Broadly speaking, an ore will be treated by the 
most economic method available and, hence, gold or silver 
ores may make part of the furnace charge of lead or 
copper smelting operations if this treatment happens to be 
the most economical. Gold and silver ores, however, 
usually contain large amounts of silica or siliceous rocks 
as gangue, which may require the addition of much barren 
flux to the furnace charge, making the smelting costs high, 
as compared to milling costs. Therefore, the siliceous 
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Sold and silver ores, comprising the great mass of these 
ores, are treated by milling processes distinctive of the 
metal I orgy of gold and silver. In some instances these 
siliceous ores are necessary to properly balance the mixture 
of ores composing the furnace charge ; then the cost of 
smelting and the rate on the ores may be such as to make 
smelting more desirable than milling. As stated, ores are 
mineral aggregates, and in many ores the valuable mineral 
is disseminated throughout a mass of valueless minerals. 
To smelt ores of this kind directly would be costly, and 
hence a cheap method of separating the waste from the 
valuable mineral is necessary. This is done by concentra- 
tion, in which the valuable mineral is concentrated into 
relatively small bulk and the gangue is eliminated. Con- 
centration is commonly carried out by crushing the ore, 
screening it into a number of different siscs, and washing 
these in water currents to remove the lighter gangue 
minerals, only the heavier valuable minerals being re- 
covered. The separation is based on the specific gravity 
and the sixe of panicles. Other modes of concentration 
are also practised, and recently 11 flotation ” methods, in 
which the valuable heavy sulphide minerals are floated 
with an air froth, while the gangue sinks, are receiving 
wide application. Concentration may also be practised to 
separate one valuable mineral from another. Lead and 
copper ores are frequently concentrated before being 
smelted, and gold, and particularly silver, ores may be 
treated by a milling process that has a concentration step. 

(To be continued). 


THE VISCOSITY OF BLAST FURNACE SLAG 
AND ITS RELATION TO IRON METALLURGY, 
INCLUDING A DESCRIPTION OF 

A NEW METHOD OF MEASURING SLAG 
VISCOSITY AT HIGH TEMPERATURES.* 

By ALEXANDER L FE 1 LD, B A., II. S. (North Carolina). 
Assistant Metallurgist, United States Bureau of Mines, Pittsburgh, Pa. 

(Continued from p. 16) 

The Dasulpkurisation Process and its Halation to sit 
Viscosity. 

Thb greater portion of the sulphur enters the furnace in 
the coke, in which it is present as ferrous sulphide to the 
extent of from 0*5 to 2*0 per cent sulphur. The total 
quantity of sulphur is for practical purposes entirely dis- 
tributed between the molten iron and slag. It may be 
assumed quite safely that the sulphur which is dissolved by 
the pig iron exists as ferroos sulphide, FeS. On the other 
hand, it is necessary to assume in the case of the sulphur 
dissolved in the slag that it exists for the must part in 
normal slags as calcium sulphide, CaS. In high manganese 
slags, however, it is probable that a portion of the sulphur 
exists as manganese sulphide. 

According to the well known distribution law of Nemst 
(33), when a substance is distributed between two immis- 
cible solvents, such as molten iron and slag, the tatio of 
the concentrations of the given substance in the two 
solvents, when the condition of equilibrium is reached, is 
constant for any given temperature, provided the dissolved 
substance has the same molecular weight in the two 
solvents. Moreover, in the case of several dissolved sub- 
stances each substance distributes itself as though the 
others were not present. 

Let us consider an ideal case where manganese is en- 
tirely absent from the slag and iron. Since calcium sul- 
phide is insoluble in molten iron, the distribution effect 
must be that of ferrous sulphide between molten iron and 
slag. The ferrous sulphide present in the slag undergoes 
the following reaction : — 

FeS + CaO ^ CaS + FeO. . . . (1) 

* A Paper cemmoniceted to ihe I *>inta.t ont of the tamdav 
Society. ruMiohed by permission of the Director, U.t. Bureau cf 


Since the concentration of lime, CaO, is very large in 
comparison with the concentrations of the other reacting 
substances, it may be considered to be a constant ; where- 
fore, it would follow, from the general law of chemical 
equilibrium (34), that the concentration of the ferrous 
sulphide in the slag would be proportional to the product 
of the concentrations of the calcium sulphide, CaS, and 
the ferrous oxide, FtO. 

Assuming ferrous sulphide to be distribute^ according 
to Nernst’s distribution law, the concentration of the 
ferrous sulphide, and therefore of the sulphur, in the pig 
iron would be proportional to the product of the calcium 
sulphide and ferrous oxide concentrations in the slag layer, 
provided no other side reactions occurred. 

However, there is a side reaction which most inevitably 
occur, since ferrous oxide is not stable at high tempera- 
tures in the presence of carbon. This reaction is as 
follows : — 

FeO + C^rCO + Fe . . . . (a) 


On combining equations (1) and (21, the net effect is seen 

10 PeS + CaO + C - CO + Fe + CaS . . (3) 
Equation (3) is the usual one given by most authorities to 
illustrate the course of the desulphorisation process. 

In the course of the chemical reaction represented by 
equstion (3) it is necessary that FeS diffuse from the iron 
into the slag and also that the CaS, which is a product of 
the reaction, diffuse with sufficient rapidity to prevent the 
reversible reaction from coming to a standstill prematurely* 
For this reason the desulphorisation reaction is conditioned 
largely so far as its speed is concerned by the viscosity of 
the slag, and resolves itself into a reaction confined to a 
great extent to the boundary plane between molten iron 
and slag. This boundary plane Arista around the molten 
iron globules previous to their fall to the bottom of the 
hearth and between the contiguous layers of iron and slag 
in the hearth. To what extent desulphorisation is com- 
pleted previous to and during the fall of the iron globules 
through the slag layer is not known. 

If it is true that during the smelting process equilibrium 
is reached under normal conditions in the case of the 
partition of sulphur between iron and slag, then the desul- 
phurising power of any given slag is independent of the 
viscosity of the slag, as such. In such a case the distri- 
bution of the sulphur would be a function only of the 
composition of the iron and slsg and of the temperature 
of the hearth. However, if equilibrium is not reached 
under normal conditions, there cannot be in the strict 
sense of the word a distribution of sulphur, since the laws 
of distribution refer only to equilibrium conditions. In 
this case the amount of sulphur absorbed by the slag 
depends on the speed of the reaction of desulphorisation, 
which, as has been noted above, is conditioned by the 
viscosity of the slag as well as by the temperature and 
composition of molten iron and slag. 

With the help of the temperature-viscosity data of a 
number of different slags, obtained by means of the 
method which is described in this report, the Bureau of 
Mines is undertaking research investigations to determine 
the following facts: (1) by determining the speed of 
sulphide absorption by different slags at such temperatures 
as to possess identical viscosities, to deduce the effect due 
simply to differences of temperature and composition ; (a) 
by determining the speed of sulphide absorption by the 
same slag at different temperatures, to deduce the effect 
due to changes in viscosity and temperature ; (3) and by 
determining the speed of sulphide atoorption by different 
slags at the same temperature, to deduce the effect due to 
changes in slag composition snd in viscosity. Also, in 
each case, the final conditions of equilibrium are to be 
determined. 

This work when completed should give a clear insight 
into the mechanism of the desulphorisation process, and 
«hould be a test of the validity of the theory of Turner 
(25) and of Schafer (36), which states that the silicate of 
the slag acts as a comparatively inert solvent for the 
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spinels (alumiuates), which alone are capable ot reacting 
with the sulphide sulphur in the pig iron. According to 
this theory a slag low in alumina should possess a rela- 
tively weak desulphurising power ; and there should exist 
a lower limit of alumina content below which a slag cannot 
be made to act satisfactorily in the blast-furnace. 

The Relation between the Composition of Blast furnace 
Slags and their Softening Temperatures determined 
by the Cone Test . 

In the absence of any method of viscosity measurement 
at the extreme temperatures of the blast-furnace hearth, 
it has been customary for investigators to obtain an idea 
of the softening temperature or deformation temperature 
of slags by means of the familiar cone tests, in which test 
pieces similar to Segar cones are made from the slag and 
the temperature noted at which these test pieces bend 
over, melt to a ball, or otherwise show signs of incipient 
fbsion. 

In the ceramic industries and also in determinations of 
the fusibility of coal ash, cone tes s furnish valuable in- 
formation, since in these cases the impoitant point in view 
is to determine the minimum temperature at which de- 
formation or softening occurs. If, for instance, a firebrick 
softens appreciably at 1600° C., it is not a matter of tech- 
nical interest to know how this brick would behave at 
1800° C., nor would a cone test give any information in 
regard to this question. Complete data in regard to such 
tests may be obtained by referring to the work of Seger, 
Hoffman, Simonis, Rieke, Kanolt, Bleninger, Boudooard, 
and Fieldner and Feild ( Notes 37, 38, 39, 40, 41, 42, 43, 
44). 

Mellor (45) has defined the softening temperature con- 
cisely as follows : “ The softening temperature measures 
the temperature at which the inward surface pressure of 
the substance becomes greater than those intermolecular 
forces which hinder the molecules taking up a position of 
stable equilibrium-minimum surface area.’ 1 

It is undoubtedly true that silicate mixtures in general 
at temperatures at or near their softening-point possess a 
surface tension of considerable magnitude, as may be 
shown by the rounding off at the end of a glass rod when 
held in the flame of a Bunsen burner. When the softening- 
point test is made on relatively small test pieces, where the 
surface is large in comparison with the diameter, the de- 
formation which the cone or similar object undergoes is 
necessarily affected to some extent by the existence of the 
surface effect. What is observed actually is the resultant 
effect of decrease of viscosity and action of surface forces 
upon the softened body. The magnitude of the surface 
effect cannot be determined by a series of experiments with 
cones of the same shape but of different dimensions, since 
on melting or softening a relatively large cone is subjected 
to a greater vertical pressure, analogous to a load pressure, 
Caused by its own weight. There exists then a need of a 
more accurate knowledge of surface tension in the inter- 
pretation of cone tests in general, which would include an 
accurate method of measurement at high temperatures. 

There are given in Table I. the softening temperatures 
and analyses of eighteen commercial slags. These deter- 
minations were made in a platinum wire resistance furnace 
in an atmosphere of air, temperatures being measured by 
a platinum platinum-rodium thermocouple calibrated by 
the Bureau of Standards. The sulphur content of the 
slag is accordingly entirely converted to the sulphate by the 
oxygen of the atmosphere, and possibly a portion was 
volatilised. The measurements cannot therefore be con- 
sidered as representing entirely the conditions within the 
blast-furnace, with its atmosphere of carbon monoxide 
and nitrogen. The slags are arranged in the table in the 
order of increasing refractoriness. 

While it it is impossible to draw any definite conclusions 
as to the variation of the softening temperature with the 
composition from these measurements, it is at once evident 
that, in so far as the effect of silica is concerned, low 
softening temperatures are in general associated with high 


silica content in the slag. In regard to the effect of lime or 
of alumina the data in the table yield nothing conclusive. 

As is well . known, the softening of a silicate mixtuie, 
such as blast-furnace slag, depends upon the amount of 
eutectic which is formed during incipient fusion and upon 
the viscosity of this eutectic. It is obvious that, given a 
sufficient amount of this eutectic to overcome the rigidity 
imparted to the test piece by the unfused portion, deforma- 
tion will occur even though the eutectic possesses an 
extremely high viscosity. This softening may require lime 
on account ot the high viscosity of the eutectic mixture, 
but in cone tests sufficient time is usually furnished for 
this slow deformation. 

Table I. — Softening Temperatures of Slags by th* 
Cone Tests. 


Slag. 
Lab. No. 

, Percentage 0 

SiOj. AltfOg. CaO. MgO. 

CaS. 

* S ftening 

MnO. Temperature, C 

22967 

48 

8 

32 

5 

2 0 

OI 

1244—1254 

22965 

38 

xo 

40 

4 

3 1 

I 2 

1262 — 1264 

22964 

38 

9 

43 

2 

24 

0 2 

1263 — 1266 

22968 

44 

9 

40 

2 

2 7 

0*2 

1279 — 1279 

22960 

37 

11 

25 

20 

35 

2 2 

1297—1300 

22958 

34 

27 

27 

6 

4'9 

03 

1342—1342 

22953 

36 

12 

4 * 

6 

3 1 

07 

i 33 *-* 34 6 

22956 

35 

11 

42 

7 

3 6 

05 

* 352—1357 

22963 

34 


41 

6 

3’4 

06 

* 343 — * 3 ^> 

22969 

34 

12 

43 

6 

3 2 

05 

*358—1364 

22961 

34 

15 

38 

10 

29 

03 

1365—1368 

22955 

32 

16 

44 

1 

4*4 

OI 

* 356—*390 

22952 

32 

12 

45 

6 

3 4 

05 

*383 — * 39 * 

22957 

3 i 

15 

36 

10 

5 5 

0*2 

1388-1398 

22954 

18 

35 

31 

10 

fi 

o *3 

1410 -1410 

22966 

32 

11 

44 

4 

5*9 

05 

> 425 - > 44 * 

22962 

32 

*5 

48 

2 

3 5 

02 

1403—1443 


Reference to the woik ot Rankin and Wright (46) at the 
Geophysical Laboratory on the system limealumina-silica 
shows that the minimum ternary eutectic of this system is 
composed of CaO 23 25 per cent, A 1 2 0 3 1475 per cent, 
and SiO a 62 per cent, which melts at a temperature of 
H70°C. Further examination shows that in all cases 
low-melting binery or ternary eutectics in the system 
lime-alumina-Bilica correspond to a higher silica content 
than is usually found in blast-furnace slags. It would 
follow, therefore, that in all blast-furnace slags which 
posssess more than the usual amount of silica there is 
formed on incipient fusion a large amount ot a low-melting 
eutectic, which, when it attains a sufficiently low viscosity, 
causes the test piece to soften visibly and deform. 

It therefore follows that high silica slags, which are 
known to be more viscous at furnace temperatures than 
more basic slags, possess quite paradoxically a very low 
softening temperature. One might attempt to explain the 
high viscosity of silicious slags in practice by claiming 
that such slags produce a low hearth-temperature, and that 
the high viscosity is due to the low temperature of the 
slag. Whether this be true or not, the measurements 
which have been made in these investigations show con- 
clusively that at all practicable hearth temperatures a 
silicious slag is much more viscous than a normal slag a: 
the same temperature. 

If, therefore, one should assume that the slags given in 
Table I. required the same amount of superheating above 
the softening temperatures there given, 200° C., for 
instance, no importance could be attached to subsequent 
deductions ; because actual measurements of viscosity 
and temperatures show that during a range of 200° of 
superheating certain slags attain a fluidity three times as 
great as others. 

Emphasis should be placed upon the distinction between 
the physical melting-point and the softening temperature 
of silicate mixtures, which latter are often loosely referred 
to as the “ melting-point.” The former refers to a tem- 
perature which is perfectly definite in the case of the 
majority of silicate mixtures, via., the temperature at 
which the last crystalline phase disappears upon slowly 
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raising the temperature of the melt. Only in the case of 
silica (47) itself end certain alkaline felspars (48) does the 
physical melting-point appear to be a ratncr uncertain 
point. The softening temperature may differ enormously 
from the physical melting temperature, nor can deductions 
be made simply on the basis of melting-point determina- 
tions as to the relative positions of the softeni g and 
melting points, with respect to each other. For complete 
information in regard to the melting-points and stability 
relations of the silicates, the reader is referred to the 
monumental work (49) of Day, Shepherd, Rankin, Wright, 
Merwin, and Sosman at the Geophysical Laboratory. 
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THE CONSTITUTION AND FUNDAMENTAL 
PROPERTIES OF SOLIDS AND LIQUIDS.* 
Part II. — Liquids. 

By IRVING LANGMUIR 
(Concluded from p. 18). 

Adsorption of Liquids by Solids. 

Thb bests of adsorption of various organic liquids when 
brought into contact with Pullet’s earth, bone charcoal, or 
kaolin, have been carefully studied by Gurvich in an 
investigation of the nature of the forces involved in 
adsorption. (L. G. Gurvich, yourn. Russ. Phys. Cham. 
Soc., 1915, xlvii., 805—27. As this excellent paper is in 
the Russian language, and has been especially translated 
for me, it may be worth while to give here Gurvich's 
results in some detail, especiail since they have a very 
intimate hearing on my theories of the constitution of 
solids and liquids). Gurvich traces relationship between 
this beat of adsorption and such properties as chemical 
reactivity, solubility, latent heat of evaporation, dielectric 
constant, 44 internal pressure,** and surface tension, ex- 
plaining these relationships in terms of his previous men- 
tioned theory of 44 physico-chemical forces.** 

Table VI . — HttU of Adsorption. 

Volume 
adsorbed 
from Dispsiw 

Fuller's Bone saturated sive 

earth, char- Kaolin, vapour by power. 

Subetance. coal. x grin. of Per 

Fuller's cent, 

earth 
(cc.). 

Amylene 57* 1 — 78*8 — 1-54 

Water 30*2 18 5 — 0 683 a*8a 

Acetone 27 3 19 3 — 0 684 17a 

Methyl alcohol .. 21*8 17 6 27*6 0*679 x*6o 

Ethyl acetate . . .. 18 5 16*5 — 0*636 1*05 

Ethyl alcohol . . . . 17*2 16 5 24*5 — — 

Aniline 13*4 — — — — 

Amyl alcohol . . . . 10*9 10*6 20*4 — — 

Ethyl ether . . . . 10*5 — — — 0*90 

Chloroform .. .. 84 140 15*7 0*611 0*86 

Bensene 4*6 xx*i 9*9 0610 0*39 

Carbon disulphide • . 4*6 8*4 9*9 0*621 — 

Carbon tetrachloride 4*2 13.9 9*4 0*625 0*27 

Hexane 3*9 8*9 7*2 — 0*22 

The results of his determinations of the heats of 
adsorption are given in Table VI. These are the heats in 
small calories, liberated when 1 grm. of the absorbent is 
added to a relatively large quantity of the liquid in a 
calorimeter. 

Gurvich remarks — 

44 A glance at this table shows that with all three absor- 
bents, most beat is evolved when compounds with double 
bonds or those containing oxygen or nitiogen are used ; 
and the least beat is generated by saturated hydrocarbons 
or such saturated compounds as carbon disulpnide or 
tetrachloride. The substances which are most active 
chemically exhibit the most intense attraction for the 
absorbents. 

44 Toe most natural conclusion from this fact would be 
that in adsorption we have to do with rather unstable 
molecular compounds. It would seem that Werner’s 
theory of secondary valence would thus find further con- 
firmation ; bot funner experiments have proved that this 
is not so.** 

Gurvich rejects the theory that these phenomena 
are the result of chemical forces for the following three 
reasons : — 

^ From tbs Journal 0/ tht Amtruan Chemical Society xxxix., 
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z. He finds that amounts of different liquids adsorbed 
by a given amount of absorbent are not in agreement with 
stoichiometric relations. Instead, be finds that tbe column 
of tbe different snbstances adsorbed are very neatly canal. 
In these determinations he placed z gim. of tbe absorbent 
in a Hempel exsiccator in presence of tbe saturated 
vapour of tbe liquid until tbe weight became constant, 
which required from fifteen to twenty-five days. Tbe 
results thus obtained with Poller's earth are given in tbe 
fourth column of Table VI. Tbe volumes of liquid 
adsorbed from tbe vapour thus vary over only tbe relatively 
small range from o 61 to 0*684 cc. per grm. Tbe number 
of grm. molecules adsorbed per zoo grms. of Poller's earth, 
however, vary from 0*65 for CCI4 up to 3*79 for H| 0 . 

2. Prom experiments, and by reference to work of other 
inveatigators, be concludes that the range of tbe forces 
causing adsorption and tbe other phenomena considered, 
is always of the order of 3 x zo-8 cm. He experimented 
with silver foil and glass wool in saturated vapours of CCI 4 , 
CSa, and ethyl acetate. The absorbents were placed in 
six glass tubes within tbe exsiccator, and tbe increase in 
weight in twenty boors was determined. No farther 
incresse occurred in an additional twenty-two hours. The 
silver foil had a surface of 4150 sq. cm., while the glass 
wool (threads 0*018 mm. diameter) had a surface of 
2250 sq. cm. By calculation from the increases in weight 
(20 to 50 mgs.) the “ thickness ” of tbe adsorbed film, in 
tbe six cases studied, were found to lie within tbe range 
between 2*6 and 3*5 x 10-® cm. 

, Ourvicb refers to results of similar magnitude obtained 
by Magners for tbe adsorption of SO* by glass, by Sbapin 
for adsorption of CO*. NH 4 OH, Ac., by glass, and by 
Parks for the adsorption of water vapour by glass. 
Quincke, Remold and Ruecker, Moro, Wensam, and 
others have obtained results of the same order of magni- 
tude by entirely different methods. 

Gurvich concludes — 

M It seems to me, therefore, very probable that tbe 
physico-chemical force of attraction in all its manifesta- 
tions ia not limited to adjacent molecules, but resebea out 
upon a large number of more distant molecules, its 
i ifluenee gradually decreasing as tbe distance from tbe 
centre in creases. (These views ofe Gurvich are cited here 
at such length because they appear to be the prevalent 
views imonr workers in this field. The insufficiency and 
unreliability of the data upon which these views are baaed 
are typical of nearly all tbe data upon which the general 
distinction between “ physical" and M chemical ** forces 
usually rests). 

“ Tbe action of the force of chemical affinity involved 
in the formation of compounds according to more or less 
simple stoichiometric proportions, is limited to distances 
of atomic order, or at most to distances separating neigh- 
bouring molecules. The sphere of action of physico- 
chemical forces is many times greater. 

3. “ Finally, the third distinction between physico- 
chemical and purely chemical forces is the following : — 

“The heat of reaction between any two elements, 
generally speaking, is the greater the more dissimilar the 
elements are. In the action of tbe residual chemical energy 
(physico-chemical forces) we see just the reverse ; hydro- 
carbons and their immediate derivations generate much 
more heat (see Table VI.) with charcoal than with Puller's 
earth or kaolin; alcohols and in general oxygen com- 
pounds act in just the reverse manner. In the study of 
solubility it was noted long ago that chemically similar 
substances dissolve one another more easily than dissimilar 
substances.** 

Gurvich gives these three reasons as convincing proof 
that adsorption phenomena are not the result of purely 
chemical forces. The heat of adsorption is, however, in 
some way clearly related to the chemical properties. This 
is due he thinks “ to some residual energy in the chemical 
molecule intermediate in character between chemioel and 


physical.” This residual energy differs from the purely 
chemicsl in the three ways given above, but it also differs 
essentially from the potential energy of purel/ physical 
attraction by its specific action or “specificity.” 

In discussing the relation between these “physico- 
chemical” forces and “true chemical forces” Gurvich 
points out that chloroform, which is chemically more active 
than catbon tetrachloride, has the higher heat of adsorp- 
tion (Table VI.). Among the alcohols there is a parallelism 
between the heat of adsorption and the velocitv of esterifi- 
cation and also the heat liberated during the formation of 
complex compounds with magnesium propyl iodide. 

Gurvich observes that when Fuller's earth is shaken up 
with hexane it settles out rapidly, leaving a nearly clear 
liquid, but with acetone the liquid remains turbid. The 
disintegration of the Fuller's earth by acetone can even 
be obseived under the microscope. By determining the 
percentage of the Fuller's earth which remains n suspen- 
sion in different liquids he determines the dispersive power 
as given in tbe last column of Table VI. The closeness 
of the parallelism between this phenomena and the heat of 
adsorprion is very striking. 

The disintegration of the Fuller's earth by these liquids 
is looked upon as entirely analogous to the solubility of 
substance in a liquid, except that the particles in the latter 
care are smaller. In fact there is a rather close parallelism 
between the solvent powers of the liquids shown in 
Table VI. and the observed heats of adsorption. For 
example, bensol and unsaturated hydrocarbons are in 
general better solvents than tbe saturated. Chloroform ia 
about ten times more soluble in water than is carbon 
tetrachloride. Bensol mixes in all proportions with methyl 
alcohol, while only 31 per cent of hexane can be dissolved 
in this alcohol. 

In general the substances with high heats of adsorption 
have nigh dielectric constants. 

Among closely related chemical compounds Gurvich 
finds that the substances with the higher bests of 
adsorption have in general the higher surface tensions, but 
this parallelism is not nearly as good as in the cases of the 
properties cited above. 

The chemical properties of substances are characterised 
by their “specificity.” Thus we usually cannot piedict 
how a substance A will react toward s substance B merely 
from a knowledge of the behaviour of A and B (separately) 
towards a third substance C. Certain very general re- 
lationships may exist between different classes ot sub- 
stances, but we are not often able to express tbe chemical 
properties of a substance in terms of a single constant, as 
for example the gravitational properties of a bo^y can be 
expressed by tbe mass, or the electrical properties by tbe 
electric charge. 

Gurvich considers that this “ specificity ” is a sufficient 
criterion to establish a close relationship between “ mole- 
cular” and “chemical energy,” but for the reasons already 
given he feels compelled to class the molecular forces as 
physico-chemical. As illustrating the “rpecificity” of 
“ molecular processes ” he calls attention to tbe fact “ that 
bensene and hexane liberate twice as much beat 
(Table VI.) with charcoal as with Fuller's earth, but 
acetone, ether, and alcohols yields on the contrary more 
with Fuller’s eaith than with charcoal.” 

From the viewpoint adopted in the present paper the 
forces involved in adsorption, surface tension, Ac., are 
strictly chemical in nature, that is they do not differ in any 
essential respect from the forces causing the formation of 
typical chemical compounds. Let us see how this theory 
can be reconciled with Gurvich's experimental results. 

Consider first the adsorption of a liquid by a plane 
solid surface. If tbe molecules of tbe liquid contain 
active groups the molecules will become oriented and will 
pack into the surface layer in much the same manner at 
in tbe case of oil films spread upon the surface of water. 
In general there will be a tendency for the number of 
molecules adsorbed to bear a simple integral relation to 
jthe number of atoms exposed in the surface of the solid. 
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When the surface is a cleavage plane from a crystal, so 
tbat the surface atoms are arranged in a regular lattice, 
the amounts of different liquids (or gases) needed to 
saturate the surface would probably frequently stand in 
stoichiometric relations with each other. 

In fact the experiments with oil or adsorbed films on wate 1 
have already shown that these stoichiometric relations are 
very common. Thus it was found that the number ot 
molecules of different fatty acids adsorbed per unit area 
was practically the same for all the acids from propionic 
up to cerotic. Similarly the number of molecules of 
stearic acid per unit area was three times tbat found for 
tristearine, Ac. 

It is evident that the configurations of the adsorbed 
molecules in general are of great influence in determining 
the number of molecules that can be adsorbed per unit 
area. This phenomena is, however, nothing more than 
tUric tamdratue. In adsorption phenomena, particularly 
on solid bodies, this stcric hindrance must be of very far- 
reaching significance, much more so for example than in 
the fields ordinarily covered by organic chemistry. 

Suppose we consider the adsorption of two such sub- 
stances as methyl alcohol and phenol. Since the phenyl 
group will necessarily occupy more space than the methyl 
group, the number of molecoles of phenol per unit area 
of a saturated surface will be less than tbat of methyl 
alcohol. 

We might still expect tbat the number of phenol mole- 
coles would bear a simple relation (such as } or $) to the 
number of methyl alcohol, but when we take into account 
the thermal agitation and the kinetic interchange which 
most occur, it appears more probable that the relative 
numbers of molecules adsorbed would bear an incom- 
mensurate ratio. This would be especially true if instead 
of a cleavage surface we should give a surface of an 
amorphous body as absorbent. 

Now in the case of porous bodies such as those employed 
in Gorvich’s experiments, there are cavities of nearly 
all possible sixes and shapes. It is obvious, therefore, 
that the phenomenon of steric hindrance will become of 
dominating importance, and that even in the case of a 
aeries of homologous acids or alcohols we should no longer 
expect to find stoichiometric relations. For example, the 
number of ethyl alcohol molecoles which could attach 
themselves to the walls of a small cavity would be less 
than the number of methyl alcohol molecules which could 
be similarly attached. This difference will become more 
and more marked as the sixe of the cavities becomes 
smaller. 

This absence of stoichiometric relationship, therefore, 
is not to be regarded as evidence that the forces involved 
are not chemical in nature. It is merely the result of 
purely geometrical factors. In fact, apart from reactions 
involving primary valence forces, it seems tbat stoichio- 
metric relations are the exception rather than the rule, 
and that where these relations do hold it is merely the 
result of particularly favourable geometric conditions. 

The beat of adsorption is determined in general by the 
interaction of the active groups and the atoms of the 
solid body. Thus in Table VI. we see tbat those groups 
which cause oils, Ac., to spread on water sorfaces are 
just those which cause an increase in the heat of 
adsorption. 

Those groups or radicals are the double bond, 
—OH. -CO, —COO—, — NH a , -O — . 

The parallelism between these heats of adsorption and 
the phenomena described in the early part of this paper 
could hardly be more striking. There can be no reasonable 
doubt but that the causes of the adsorption are in both 
eases fundamentally similar. 

Let us now consider from the viewpoint of our theory 
the three reasons which lad Gurvich to decide that these 
adsorption phenomena are not due to chemical forces. 

1. We have already seen that the absence of stoichio- 
metric relationship cannot be taken as a proof of the 


absence of chemical combination, but that it is simply a 
result of steric hindrance. 

It remains to explain why Gurvich's experiments showed 
that the volumes adsorbed were the same for all the 
liquids. It must be noted that Gurvich allowed the 
adsorption to occur in saturated vapours, and that equili- 
brium was not reached for from fifteen to twenty-five days. 
Under such conditions every small cavity must fill up com- 
pletely with liquid because of the decrease of vapour pres- 
sure caused by the 'concavity of the surfaces in the pores 
of the absorbent. This is a purely secondary phenomenon, 
being dependent only on the surface tension of the adsorbed 
liquid, and not o * the forces acting between the absorbent 
and the liquid. 

We must picture the processes occurring during the 
adsorption of, for example, ethyl alcohol by charcoal as 
follows:— The hydroxyl groups of the alcohol are 
attracted to the carbon atoms, so fhat as many carbon 
atoms as possible come into contact (or combine) with 
the hydroxyl groups. The ethyl groups fill up many of 
the small cavities, and in other ways prevent the hydroxyl 
groups from coming into contact with the carbon atoms. 
The larger pores or cavities are, however, covered over 
with a single layer of molecules. When the vapour is 
saturated it is evident that these cavities must also 
gradually become filled with liquid. But this is to be 
classed as a capillary phenomena and not as adsorption. 
It has, for example, nothing to do with the forces acting 
between the carbon atoms and the hydroxyl groups. 

Under these conditions it is only natural that the volume 
absorbed should be about the same for different liquids, 
since it is simply a measure of the total volume of the 
larger pores. The amount truly adsorbed is much smaller, 
and in the case of the three alcohols given in Table VI. is 
probably qoite accurately proportional to the observed heat 
of adsorption. The three values, 21 *8. 17-2, and 10 9, for 
methyl, ethyl, and amyl alcohols, adsorbed by Fuller's 
earth, indicate bow marked is the effect of steric 
hindrance. 

2. Gurvich and many other workers in this field lay a 
great deal of stress on the supposed fact that the range of 
the molecular forces is abour 3 x io-« cm., or at any rate 
it larger than molecular dimensions. According to our 
theory, however, the range is rather of the order of 
10-8 cm. 

Gurvich experimented with 4150 sq. cm. of silver foil 
in a small tube. This was probably crumpled op loosely 
and squeexed into the tube. In any case it would be practi- 
cally impossible to get such a large sorface into a tube 
without having an enormous number of surfaces of contact 
between adjacent pieces of foil. These capillary spaces in 
presence of saturated vapour or even vapour anywhere near 
saturation must become filled with ! ; quid held by sorface 
tension and not by adsorption. The same objection may 
be raised against the experiments with glass wool. 

We have seen in Part I. that other data given in the 
literature are unreliable for similar reasons. 

I have not studied in detail all the references cited by 
Gurvich as evidence of the large range of molecular forces, 
but the evidence of a contrary natore which has already 
accumulated is enough to make me feel confident that 
the large ranges are only apparent, and are due to 
secondary causes. 

To obtain further information regarding the forces 
causing adsorption and the thickness of adsorbed films 
some experiments have been undertaken for me by Mr. 
Sweetser. We have used glass, mica, and platinum with 
very nearly plane surfaces, and have endeavoured to reduce 
the number of contacts between sorfaces to a minimum. 
The pressures osed were much below saturation and were 
usually less than aoo bars. It was foond that at 100 bars' 
pressure the amount of oxygen, nitrogen, hydrogen, 
carbon monoxide, carbon dioxide, and argon adsorbed on 
glass or mica at room tempersture were not measurable, 
although if 0*0002 of the surface had been covered by a 
layer one molecule deep it could have been readily 
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detected. On cooling these surfaces to liquid air tem- 
perature the surfaces became covered with a mono- 
molecular layer to the extent of x to io per cent, and at 
ioo bars' pressure they seemed nearly saturated. The 
relative amounts of different gases adsorbed were in the 
same order as the boiling points, showing that the forces 
involved in this adsorption were secondary valence forces 
such as those involved in the liquefaction of these gases. 

With platinum surfaces the phenomena were totally 
different. Even at pressures below one bar the surface 
adsorbed hydrogen, carbon monoxide, or oxygen imme 
diately to form a layer covering the surface with a layer 
approximately one molecule (or atom) deep. These films 
could not be driven off by heating to 360°, but could be 
made to displace one another. The surfaces were wholly 
saturated at a few bars’ pressure, and no increase in 
adsorption could be noted by raising the pressure to 200 
bars. These films are evidently held to the platinum by 
primary valence forces. 

With the platinum at liquid air temperature the gases 
are first adsorbed by secondary valence forces, because 
when the temperature is raised to room temperature the 
gas first comes off the surface, and then at a temperature 
somewhat below room temperature goes back again on to 
the surface. 

In no case, however, was any adsorption noted which 
corresponded to a layer more than one molecule deep. 

It is, of course, possible in certain exceptional cases 
that more than one layer of molecules may be adsorbed 1 
on a surface. The tendency of molecules to evaporate ' 
from a second layer will in general be somewhat different 
(either greater or less) than from the surface of the liquid 
en masse. Such effects may be transmitted from layer to 
layer because of the orientation of the first layer of mole- 
cules, but in most liquids these effects are probably not 
transmitted in appreciably degree to more than one or two 
layers. Effects of this kind would be particularly notice- 
able with nearly saturated vapours. 

From the foregoing considerations we may conclude 
that the “ molecular forces ” studied by Gurvicb are really 
chemical forces according to all the tests given by him, 
and that their range of action is not greater than that of 
other chemical forces. 

3. Gurvich’s third objection to classing molecular forces 
as chemical is that they seem most active between similar 
rather than dissimilar bodies. This objection, however, 
arises merely from a confusion of secondary and primary 
valence forces. 

In the formation of compounds of the first order we 
generally find the most marked combining tendencies 
between strongly electronegative and electropositive 
elements, as for example between the alkali metals and 
the halogens. This tendency is most readily explained in 
terms of Lewis’s theory. 

On the other hand, all through chemistry we find 
evidence of reactions occurring between substances of 
similar type, especially where secondary valences are 
involved. This is shown by reactions between oxides, 
between halides, between metals, &c., and even by the 
reactions occurring between various organic compounds. 
Therefore, the fact that substances of similar character 
are usually mutually soluble, or that absorbing agents 
show a preference for chemically related substances is not 
to be looked upon as evidence that these phenomena differ 
in any essential respect from chemical phenomena, but 
merely as an indication that secondary rather than primary 
valence forces are involved. 

As a final result of this discussion of Gurvich’s paper 
we may conclude that the principles outlined in the begin- 
ning of the present paper are applicable to adsorption 
phenomena in general. 

(In the remaining part of this paper surface tension, 
association, evaporation, freezing, melting, viscosity, 
solubility, and the internal structure of liquids will be 
briefly considered). 
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THE NATIONAL EXPOSITION OF CHEMICAL 
INDUSTRIES, HELD IN NEW YORK.* 

By THOMAS H. NORTON, Ph.D., Sc.D. 

(Continued from p. 30). 

John Campbell and Co ., Newark , N.J . 

The company exhibited its “Amidine” series of direct 
cotton colours, the “Kromeko” series of fast chrome 
dyes, the “Aceko” series of acid colours, and the 
“ Liberty ” series of dyes for the hat trade. The various 
intermediates employed in their manufacture were also 
shown. 

Niagara Alkali Co., Niagara Falls . 

This company is engaged extensively in the electrolysis 
of salt, and markets the various soda products, as yell as 
chlorine and bleach. It is now using large amounts of 
chlorine in the manufacture of chlorobenzene, and ex- 
hibited this compound as well as dichlorobenzene. The 
latter was in the form of the commercial mixture of the 
isomers, as well as the pure ortho and para compounds. 
The whole exhibit illdbtrated admirably the degree of 
perfection attained in the development of the chlorine 
industry, as based upon electrolytic methods, and the 
use of the halogen in the production of coal-tar inter- 
mediates. 

Hooker Electrochemical Co., Nigara Falls . 

This company also had a fine display of the products of 
the soda and chlorine industry. It exhibited chloro- 
benzene, o-dichlorobenzene, 4-dichlorobenzeoe, benzyl 
chloride, benzyl alcohol, benzaldebyde, and benzoic acid. 
The manufacture of the last four compounds has been 
taken up quite recently. This company was one of the 
first to show the advantage of transforming coal-tar crudes 
into their chlorine derivatives at the points where chlorine 
is produced electrolytically. 

John Merck and Co., New York. 

In addition to a handsome display of alkaloidal, phar- 
maceutical, and general chemicals manufactured by this 
company in their works at Rahway, N.J., there were ex- 
hibited a large number of their current coal-tar products. 
These included the pure hydrocarbons, benzene, toluene, 
xylene and naphthalene, aniline, ^-nitraniline, acetanilide, 
benzidine sulphate, nitro-benzene, m-dinitro benzene, m- 
phenylene diamine, ^-phenylene diamine, phenol, o-nitro- 
phenol, ^-nitrophenol, ^-amidopbenol, pbcnolphthalein, 
resorcin, hydroquinone, sulpbocarbolates, 0-naphthol 
benzoate, bismuth /8-naphthol, salicylic acid, methyl 
salicylate, acetylsalicylic acid, acetphenetidine, salol, 
aurine. induline, and nigrosine- The exhibit was in- 
structive, and revealed the wide range of activity of this 
long-established firm. Its coal-tar products are chiefly 
for medicinal and pnotographic use. 

The Monsanto Chemical Works , St. Louis. 

The exhibit of synthetic medicinals was finely arranged, 
and included the intermediates employed in making the 
different compounds. The coal-tar products shown were 
acetanilide, phen-tcetin, aspirin, phenol, U.S.P., pbenol- 
phthalein, saccharin, salicylic acid, salicylate of soda, 
and salol. 

This company is doing excellent work in establishing 
upon a solid basis the American manufacture of synthetic 
drugs from coal-tar crudes. It exhibited also vanillin, 
which it is now producing regularly. 

Ckromos Chemical Co., New York. 

The exhibit was confined to fine samples of benzoic 
acid and sodium benzoate. 

* From the Chemical Engineer, October, 1917. 
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H. A. Metz Laboratories , Inc., Brooklyn . 

The exhibit of this recently orgainsed company con- 
tained an admirable display of its synthetic medicinal** 
»alvart>an, novacain, and ansesthesin. All of the inter- 
mediate steps in the production of salvarsans from aniline 
and arsenic acid were shown in carefully prepared samples. 
The establishment ot the manufacture of this important 
synthetic drug on American soil is one of the leading 
leatures of the year's progress. 

General Bakelit* Co., New York. 

Bakelite was shown in a great variety of forms, intended 
for the most diverse usages, but chiefly in connection with 
electrical insulation. It is the trade name of a unique 
synthetic substance, oxy-benzyl-methylen glycol-anhy- 
dride, discovered by Dr. L. H. Baekeland, after a series 
of brilliant research experiments, and is a condensation 
product of phenol and formaldehyde. In its pure form it 
is a hard amber -like substance of pronounced chemical 
inertness. It combines high mechanical and dielectric 
strength with marked heat resistance, and can be 
moulded with great accuracy and fine finish It is also 
non-hygroscopic, impervious to water, steam, oils, and 
most chemicals; has excellent weathering qualities, and 
will not warp, soften, swell, or deteriorate with age. 

This unusual combination ot properries has rendered 
bakelite available for a great number of purposes. An 
especial degree of interest is attached to it as one of the 
few coal-tar products discovered in this country and in- 
troduced into general technical use. 

The Stamford Extract Manufacturing Co. t Stamford , 
Conn . 

The successor to the old Stamford Manufactoiing Co. 
displayed fine samples ot the different dye-woods, as well 
as of quebracho, and the different extracts obtained from 
them in its large works. There were numerous examples 
of the results secured with them in dyeing. The bematin 
crystals were especially noteworthy. 

The Obex Co., Marietta , O. 

This firm is one of the latest to enter upon the produc- 
tion of dye-wood extracts. It showed particularly fine 
cross-sections of Brasil wood, fustic, logwood, and Osage 
orange, and a complete collection of the various extracts. 
The firm is planning to enter also upon the production of 
synthetic dyes. 

Imperial Colour Works , Glens Palls , N.Y. 

Exhibits were made of lakes and toners made from p- 
nitraniline and from toluidine, in company with a variety 
of dry and pulp colours. There was also a good display 
of vegetable dyes manufactured in the plant of John H. 
Heald and Co., Lynchburg, Va. It included extracts of 
logwood, fostic, and hypernic, hematine crystals, fustic 
crystals, wool and leather yellows. 

The Buffalo Foundry and Machine Co., Buffalo , N.Y . 

The exhibit of this company was the most imposing and 
the most extensive in the Exposition, occupying the entire 
western end of the main floor. It revealed in a remark- 
able way the complexity of the mechanism now employed 
in the production of chemicals and dye-stuffs, and the 
contributions of mechanical engineering in this field. 
The company has been an important factor in furthering 
the rapid development of oor domestic coal-tar chemical 
industry, by devising the requisite apparatus, and by 
rapidly supplying it in great quantities to newly organised 
firms. 

The piice de resistance at the Exposition was certainly 
its vast vacuom drum dryer, weighing 50 tons, with its 
two-stage dry pump, surface condenser and dust collector. 
One of the greatest successes in American foundry work 
is represented by the huge casing of the dryer, cast in a 
single piece. 


A similar vacuum dryer, in full operation, and an auto- 
clave, holding 200 gallons, and working under 1000 lbs. 
pressure, excited much interest, as did a jacketted receiver, 
an enormous nitrator, a capacious fusion kettle, and a 
denitrator. There were numerous types ot evaporators, 
for rapid circulation, for high concentration, for crystal- 
lisation, with horisontal and vertical tubes, Ac. 

Among other forms of chemical apparatus shown by in- 
stallation or plane, were : — Acid eggs, acid concentrating 
apparatus, 3-naphthol plant, caustic flaking machines, 
caustic soda plant.causticising apparatus, reflux condensers, 
crystallisers for TNT, ammonium nitrate, Ac., vacuum 
crystallisers, expansion tanks, impregnating apparatus, 
nitric acid retorts and condensers, pumps of many types t 
recovery systems for sulphuric and nitric acids, retorts 
(shell type), salt filters, stills for aniline, h-naphthol, 
phenol, Ac., and sulpbonators. 

A large staff of engineers and chemists were in 
attendance, and the decorations and settings for the 
exhibit were in admirable taste. It testified in a striking 
manner to the exceptional claims which the chemical 
industry now makes upon the mechanical engineer. 

J . P. Destine Co ., Buffalo, N.Y. 

A handsome exhibit of vacuum pumps, condensers, 
drying apparatus, and high pressure cast-steel autoclaves, 
such as are now used extensively in making coal-tar inter- 
mediates and finished products. 

The Pfaundler Co., Rochester, N.Y. 

There was a fine display of the different forms of 
chemical apparatus, lined with resistant enamel, now 
required in variety by the manufacturers of coal-tar pro- 
ducts, when dealing with strong acids. The specialities 
of this firm are highly appreciated in other countries, and 
a branch factory was maintained in Germany prior to 
the war. 


Elyria Enamelled Products Co., Elyria , Ohio. 

Ihe exhibit included a number of pieces of chemical 
apparatus lined with enamel. This firm specialises in the 
production of enamelled tubes. 


Sowers Manufacturing Co., Buffalo. 

An excellent display of steam -jacketted kettles, mixers, 
vacuum-pans, Ac. a 

Shriver and Co., Harrison, N.y. 

Various types of filter-presses. 

United Filters Corporation, Brooklyn. 

An instructive exhibit of new types of filters in constant 
operation. 

Kelly Filter Press Co., Salt Lake City. 

Presses were shown in regular operation. 

Arthur D. Little, Inc., Boston. 

This firm is doing fine work as consulting and eon 
Aruction chemical engineers, and exhibited interesting 
evidences of the character of the work accomplished by its 
staff of sixty, occupying a handsome buiidmg at Cam- 
bridge, Mass. 


%*ivtc, estate, and Kaslroad Exhibits. 

A striking feature were the extensive collective exhibits 
of states, cities, railroad companies, and public organisa- 
tions. Noteworthy in this connection were the large and 
instructive displays made by Louisiana and by Texas, as 
well as bv the Southern R.R. system, the Carolina, Clinch- 
field, and Ohio R.R., the Central of Georgia R.R.. the 
Nashville, Chattanooga, and St. Louia R.R., and the 
Norfolk and Western R.R. of Virginia. The south is 
making a vigorous effort to direct attention to the vast 
undeveloped wealth in its territory, awaiting the advent of 
chemical Industry. The great variety of samples and 
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geological charts testified eloquently to the possibilities 
tor creating manofactoring centres of mineral prodacts in 
this section. The handsome exhibits of Baltimore and of 
Knoxville, Tenn., attracted much attention. 

An official of one of the exhibiting railroads gave the 
following explanation of why his company found it desir- 
able to participate in a chemicai exposition : — 

“ It might be wondered why a concern with bat one 
product to sell, which, strictly speaking, is not competitive 
but is an essential— -the absolute basis — of all industrial 
products, transportation should take the trouble, expend 
the money, and use up the time of part of its personnel to 
attend an exposition of this kind, but if you will look over 
the exhibit you will find that several railroads have done 
this. What is the reason ? 

11 All railroads have at least two kinds of industries— those 
that 1 just grow,** and those that are planted. The first get 
there of their own accord, generally without the railroads* 
officials knowing or caring much about what was going 
on until their new neighbour began calling for cars ; the 
second, the planted kind, often require nursing beyond the 
age when weaning is generally considered. These seem 
to me to be a middle ground, largely uninhabited, in 
matters of this kind which is much better for all con- 
cerned, and it is our firm belief, and I believe it is that of 
all of the increasing number of railroads who are taking 
advantage of this great opportunity to show their wares, 
that those roads which pursue a broadminded and liberal 
policy toward the intelligent aiding of new enterprises to 
become substantially established are they whose securities 
will be the real investment of the future.** 

(To be continued). 


ELECTRICITY FOR THE NATION. 

One of the most far-reaching suggestions towards national 
reconstruction is set forth in an interim report made to the 
Ministry of Reconstruction by the Coal Conservation Sub- 
Committee. The report is now issued to the public with 
the following preface by Dr. Addison : — 

Ministry of Reconstruction. 

This report, which was presented to the Reconstruc- 
tion Committee, is issued for the information of the 
public, and in the hope that the very important matters 
with which it deals may receive adequate consideration 
at the hands of all those likely to be affected by its 
proposals. 

It will be observed that important issues affecting 
municipalities and public bodies are raised in the report, 
and they will be explored in all respects by the Govern- 
ment before any action is proposed to Parliament upon 
the subject. In its legislative aspect the whole matter 
is being investigated by a Committee appointed by the 
Board of Trade, and presided over by Sir A. William- 
son, M.P. 

(Signed) C. Addison. 

The Sub Committee proposes briefly, to supply all out 
industries with electrical power generated at big “ super- 
power stations,” not more than sixteen in number for the 
whole country, and to eliminate or combine all smaller 
stations. 

The primary object of the scheme is to economise our 
coal supplies. The amount of coal used in the United 
Kingdom tor the production of power is 80,000,000 tons, 
at a cost of, say, £40,000,000 at the pithead. The Com- 
mittee confidently states that, by an up-to-date and 
national scheme of electrification, 55,000,000 tons of this 
(£37,000,000 a year) could be saved. This, with a saving 
of the by-products now wasted by the burning of coal in 
open grates and boiler furnaces would effect a national 
economy of £100,000,000 a year. 

The most economical way of obtaining power from coal 
on a large scale is by generating electricity from it. The 
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coal now used, says the Committee, would, if used econo- 
mically, produce at least three times the present amouns 
of power. An increased use of power is of the highest 
importance to the future prosperity of the country. It it 
the best way to increase the net output per head and, 
therefore, the prosperity of the worker. 11 The best cure 
for low wages is more motive power.** 

In the United States the amount of power used per 
worker is half as much again as in the United Kingdom. 
Leaving out of consideration workers in trades where the 
use of power is small or even impossible, it is probably 
nearly double whit it is here. 

It has been settled conclusively during the past fifteen 
years that the most economical means of applying power 
to industry is the electric motor. In the factories put 
down for the production of munitions during the war, 95 
per cent of the machinery is driven by electricity, and it is 
only a question of time for all power to be applied in this 
way. The problem is not how to apply electric power but 
how best to generate it. 

The development of electricity in this country has been 
hindered by the numerousness and the smallness of the 
electrical undertakings. At the present time the supply of 
electricity in Great Britain is split up among about six- 
hundred companies and municipal undertakings. The 
average generating capacity of such of these undertakings 
as possess power stations is only 5000 horse-power, or 
about one-fourth of the capacity of one single gsnerating 
machine of economical sise, and about one-thirtieth of 
that of a power station of economical size. Technically 
and commercially the big generating station is admittedly 
the best. 

The reform proposed by the Committee is to supersede 
all these small undertakings by laying down throughout 
Great Britain main trunk lines to be fed by some sixteen 
11 super power stations.** 

The generating machines in these stations should be of 
large sise, not less than 20,000 horse-power each. In 
more important industrial districts machines of as much 
as 50,000 horse-power might be used with even greater 
advantage. The generating stations should be on large 
sites with ample coal and water transport facilities. It is 
contemplated that at each generating station by-products 
might be extracted from the coal before it is used for the 
production of power, and that various electro-chemical 
processes which are essential for this country should be 
carried on near by. The sites for the stations must be 
outside, not inside towns. This would improve the health 
of the great industrial centres by the reduction of smoke, 
and would relieve the congestion of the railway lines in 
their neighbourhood by practically abolishing the carriage 
of coal. 

Various forms of electricity supply authority, both public 
and private, are considered, but the Committee, on the 
whole, favours private enterprise. They are 14 impressed 
with the special need for initiative and resource in the 
management of the business of power supply, and they are 
of opinion that the freedom of range and keenness which 
are distinctive of private enterprise will be found to be in 
a high degree conducive to the fullest measure of 
success.** 

The sixteen great power authorities, whether private 
companies or public bodies, would be controlled by a 
National Board of Electricity Commissioners. Existing 
plants would be handed over on equitable terms to the 
new authorities. In addition to the main generating 
stations, subsidiary generating plants would be set up 
wherever there was surplus gas or waste heat, as at blast 
furnaces and coke ovens, and the electricity so generated 
would be fed into the main-trunk system. In the same 
way, waste coal, which is not at present worth the cost of 
carriage, and is, therefore, left at the pits, could be used 
on the spot. 

There already exists in this country a practical example 
of centralised production of electricity for a large area. 
The north-east coast district, rather larger in area than 
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Lancashire, it served by a group of power companies from 
one inter connected electrical system. The population of 
this area it less than that of Lancashire, and the area is, 
therefore, lees advantageous for electrical supply. But, 
whereas in Lancashire, with its multiplicity of electrical 
undertakings, the price per unit for electric power varies 
from a penny to twopence or more, the average price paid 
in the north-east coast district is less than a half-penny a 
unit, and the use of electric power per head of popu- 
lation is three times as great. A gteat saving of coal and 
reduction of smoke has resulted. Apart from the electric- 
power companies* consumption, practically no coal is burnt 
on the Tyne for power purposes, except by the railways 
and some collieries. The Tyne shipyards may he said to 
have adopted electricity to the exclusion of all other forms 
of power. As a result of the adoption of electric traction 
on the suburban railways, the traffic facilities of the district 
are greater than those of any other district of similar sise. 
New industries have been established in the district, solely 
on account of the cheap electric power available. Waste 
best and gases have been extensively used for the pro- 
duction of electricity, so that electric power is produced 
as a by-product of two of the largest local Industries— the 
making of pig-iron and coke. These local generating 
stations are commonly called “ waste-heat stations.** The 
first was erected in 1905, and there are now eleven at 
work. 

The Committee foresees, as a result of a national system 
of electric-power supply, a great increase of the use of 
electricity for all purposes, with many advantageous results. 
Factory chimneys would gradually disappear. Railways 
would be electrified, even for the haulage of goods trains. 
Smoky woold disappear from our towns sad eoal waggons 
need run no farther than to the electric-power stations. 
Electric light would be cheap enough for the poorest, and 
there would be a large increase in the use of electric heat 
and power for household porposes. 

As showing the importance of the scheme the report 
says : “ It is scarcely possible to exaggerate the national 
importance of a technically sound system of electri- 
city supply, because it is essentially one with the problem 
of the industrial development of the country.** 

14 The development of such a power system may be 
likened to the development oi the railways of a country, 
and it is just as impossible to secure economical power 
generation aiuTsupply by each municipal area working 
independently (which is the position to-day) as it would be 
to have an efficient railway system if each municipal area 
owned its own lines and long-distance transport were pro- 
vided for by running-power agreements. History shows 
that, in the early stages of railway development in this 
country, exactly the same process of amalgamation bad to 
be gone through.** 


PROCEEDINGS OF SOCIETIES- 

FARADAY SOCIETY. 

Annual General Meeting, December 12, 1917. 

Mr. W. R. Bousfibld, K.C., F.R.S., Vice-President, 
in the Chair. 

The resignation of the Treasurer, Dr. F. Mollwo Perkin, 
who had acted in that capacity since the formation of the 
Society in 1903, was receive! with much regret. Mr. 
Robert Mond, F.R.S.E., was elected as his successor. 

The following Officers and Members of Council were 
also elected : — 

President — Sir Robert Hadfield, Bart., F.R.S. 
Vice-Presidents — W. R. Bousfield, K.C., F.R.S. ; Prof. 
F. •. Don nan, F.R.S. ; Dr. Eugeoe Haanel; Prol. A. K. 
Huntington; Dr. T. Martin Lowry, F.R.S 


Council — W. R. Cooper ; Dr. C. H. Desch ; Dr. J. A. 
Harker, F.R.S.; Emil Hatschek; Cosmo Johns; Prof. 
Alfred W. Porter, F.R.S, ; E. H, Rayner; A. Gordon 
Salomon ; Dr. George Senter ; Cav. M .w E. Stassano. 

The Report of the Council stated that in spite of adverse 
conditions the past year has perhaps been one of the most 
fruitful in the history of the Society, whether measured by 
the interest of the meetings held, the value of the work 
published, or its activities in the wider field of scientific 
and technical progress. 

Early in the year the Society presented a Memorandum 
to the Ministry of Monitions on the Production of Synthetic 
Nitrogen Compounds, and as an outcome of a Conference 
which took place between representatives of the Society 
and of the Munitions Inventions Department of the 
Ministry, a Nitrogen Products Committee of the Depart- 
ment was formed. 

The Society has presented to the Department a series 
of sectional reports on many of the aspects of the problem 
under consideration, drawn up by Messrs. W. R. Bousfield, 
W. R. Cooper, E. Griffiths, F. M. Perkin, and F. S. 
Spiers, and it has also initiated some experimental work. 

The Society is conducting a research on 44 The Setting 
and Disintegration of Salts and other Crystalline Sub- 
stances ” for which it has received a grant from the De- 
partment of Scientific and Industrial Research. 

General Discussions held in the course of the year in- 
cluded one on M Methods of obtaining High Temperatures 
in the Laboratory,** and another on 44 Refractory Materials,** 
which proved to be a function of outstanding importance 
attracting widespread interest. 

In conjunction with other societies, the Faraday Society 
was instrumental in calling together a Conference to 
discuss means for carrying into effect a scheme of co- 
ordination between the various bodies interested in re- 
fractories research and standardisation. Later in the year 
a second Conference was held which resulted in the 
appointment of a Provisional Organising Committee to 
draft a scheme for a proposed Association for Refractories 
Research for the consideration of the indostiies concerned. 


RONTGEN SOCIETY. 

At a meeting of the Rontgen Society, held on January x, 
1918, Mr. Cm Darnbli, read two papers communicated 
by Dr. Coolidge, of the General Electric Co.’s Research 
Laboratories, U.S.A. 

The first dealt with a new form of Coolidge tube, in 
which the anticathode consists of a block of copper faced 
with a small button of tongsten. This is fixed to a thick 
stem of copper, which passes oot through the glass neck 
of the tube, and terminates in a fin radiator. The anti- 
cathode is thus kept cool, snd does not in consequence 
emit electrons as in the case of the earlier Coolidge tube, 
in which the whole of the anticatbode speedily becomes 
red hot. The new tube therefore so completely rectifies 
current that when an alternating potential is applied only 
one phase of the current will pass. 

In the second paper, by Dr. Coolidge and Mr. Moore, 
the Portable or Field X-Ray Ootfit of the United States 
Army was described. A petrol electric unit supplies 
alternating current at xxo volts to a transformer arranged 
to five both high tension and heating currents for the new 
radiator type of Coolidge tube. For simplicity of control 
the tube is worked at a constant potential of 5 minutes 
equivalent spark gap, and the current is adjusted to 
5 millia mperes for continuous running of the tube or to 
10 milliam peres for short periods. An electrically actuated 
control on the throttle of the engine maintains constant 
output. The small sise of the bulb, 3! inches in 
diameter, enables a close-fitting lead-glass shield to be 
employed ; this is made in two parts, and completely sur- 
rounds the tube, a suitable aperture permitting egreee of 
the rays. 
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NOTICES OF BOOKS 


MISCELLANEOUS 


Education , Scientific and Humane . Edited by Frbberic 

G. Kbnyon. London : John Murray. 1917. Pp. 32. 

Price 6d. net. 

This pamphlet has been issued at the request of the 
Council for Humanistic Studies, and is the outcome of an 
endeavour to arrive at a general agreement regarding the 
principles and main ourlines of secondary education, so 
that future discussion of details may show a less extreme 
and more tolerant spirit than in the past. The Conference, 
representative of the Classical, English, Geographical, 
Historical, and Modern Language Associations, drew up 
a series of resolutions upon which the Methematical 
Association and the Association of Public School Science 
Masters expressed their opinion, at the same time out- 
lining their own aims. The statement of the’.latter Associa- 
tion regarding the value of scientific teaching in fostering a 
love of tru'h and in giving a valuable knowledge of the 
employment of the forces of nature and the sequence of 
cause and effect will be generally approved. So fat the 
main points of agreement seem to be that early speciali- 
sation should be avoided, and that the doors of all subjects 
should be open to all pupils. In a later conference 
between the Sub-Committee on Education of the Board 
of Scientific Societies and the Council for Humanistic 
Studies, the question was again discussed, and a series of 
resolutions drawn up representing a further advance 
towards agreement. 


CORRESPONDENCE. 


SIMILARITY OP CARBON AND PHOSPHORUS. 


British Industries Fairs, 19x8.— As it is possible that 
the new accommodation for the British Industries Fair 
(Glasgow), 1918, may not be entirely completed by 
February 25th, and as it is of great importance that the 
British Industries Fairs in London and Glasgow should 
be held simultaneously, the Board of Trade have decided 
to postpone the opening of both Fairs for two weeks. 
Accordingly, the period for which the British Industries 
Fairs in London and Glasgow will be open will be March 
ix to March 22. 


NOTES AND QUERIES. 

*,* Our Notes and Queries column was opened for the purpose of giving 
and obtaining information likely to be of use to our te*de'S generally 
We cannot undertake to let this column be the means of transmitting 
merely privtte information. or such trade nonces as should legitimately 
come in the advertisement columns. 

“ The Homunculus M — A correspondent wishes to know where 
he esn either borrow or purchase s copy of “The Homunculus." 

Vinegar. -- Can any reader supply recipes for making pure malt vine- 
gar and vinegar proper — that is, such as is not styled “malt “ vinegar. 
Also the name of a book (and the publisher) dealing with the manufac- 
ture of vinegar and its by-products— to wit, yeaat ?— H. T. 

Books Required — Could any reader tell me how 1 could get the 
following: — “Die Technik der Rosanilinfarbatoffen ” (O. Multiuser, 
1889) and “ Derive*® des Naphthaline ” (Tauber and Norman, 1896), 
or any other good book* which will give me detailed information on 
the manufacture of phthalic anhydride and the rosaniline dyestuffs 
(especially fuchsine) ? I should be moat grateful to anyone who can 
get me these. Should these two books not be aa suitable as others 
kindly advise me.— S K. 

Decomposition and Solution of Minerals.— (Reply to “Per- 
plexed ").— Your correspondent may find an answer to his query in the 
chapter on ** Silica " in Low’s “ Technical Methods of Ore Analysis “ 
(Chapman and Hall). Little difficulty has been experienced with many 
minerals when — (1) The substance is very finely powdered ; (2) aa a 
preliminary step before fusion, as much aa possible is extracted from 
the mineral by HC 1 assisted by HNOs ; (3) any residue unattacked in 
the fusion is powdered up again and re-melted with fusion mixture, 
NagCOs+KgCOs. — F. Bsownb. 


To the Editor of the Chemical News. 

Sir,— In the Chemical Nrws for October 23, 1914 (vol. 
cx., p. 210), which I recently came across, I find a letter 
by F. H. Loring calling attention to the close resemblance 
of the properties of tbe two elements carbon and phos- 
phorus. This similarity between these two elements is 
very striking, and it is brought out very forcibly in the 
series of intermetallic compounds formed by these ele- 
ments respectively with iron. 

Tbe well authenticated compounds formed by these ele- 
ments with iron are set out below : — 

Fe 3 C Fe 3 P 

Fe a C Fe*P 

Tbe properties of tbe Fe 3 C and Pe 3 P compounds are 
very closely identified, and it is only with considerable 
difficulty that these two compounds can be differentiated 
when occurring together. 

It is important also to note that the eutectic alloy 
formed by tbe two elements Fe 3 C and Fe 3 P with the satu- 
rated solutions of respectively Fe 3 C and Fe 3 P in iron con- 
tain the same atomic percentage of carbon and phosphorus. 
Tbe figures are as below : — 

Carbide Eutectic . 

Carbon 4*3 per cent 

Carbon 17*3 atoms per cent 

Phosphide Eutectic. 

Phosphorus. . . . xo*2 per cent (Stead) 

Phosphorus. . . . 17*03 atoms per cent 

The similarity in the behaviour of phosphorus and car- 
bon is undoubtedly very striking. — I am, &c., 

J. B. Hurst. 

Laberatory, D. Napier and Sons, Ltd. 


MEETINGS FOR THE WEEK. 

Monday, aiat.— Royal Society of Art*, 4.30. (Cantor Lecture). 

“High Temperature Processes and Products." by 
C. R. Darling. 

Tuesday, 22nd.— Royal Institution, 3 . “ Palestine and Mesopotamia— 
Discovery, Past, and Future,” by Prof W. M. 
Flinders Petrie. 

Wednesday, 23rd. — Royal Society of Arts, 4.30. “ Water Power in 

Great Britain (with Special Reference to Scot- 
land). its Amount and Economic Value," by 
Alexander Newlands. 

Thursday, 24th.— Royal Institution, 3. “ Generalship— a Campaign 
ot Napoleon’s (1806),“ by Prof. Spenser 
Wilkinson. 

Royal Society. “Graphical Solution for High- 

angle Fire,” by A. N. Whitehead “ Floccula- 
tion," by S Pickering. “Revolving Fluid in the 
Atmosphere," by J. Aitken. “ Ultra-violet Trans- 

f arency of the Lower Atmosphere and its Relative 
overty in Ozone," by Hon. R J. Strutt. ‘‘The 
Pressure in the Solar Spectrum of the Water- 
vapour Band X 3064." by A. Fowler. “ The Ultra- 
violet Band of Ammonia and its Occurrence in 
the Solar Spectrum," by A. Fowler and C. C. L. 
Gregory. 

Pmday, 93th —Royal Institution, 5.30. “ Motion of Electrons in 

Gases,” by Prof. J. S. Townsend. 

Saturday. 26th.— Royal Institution, 3. “The Chemical Action of 
Light," by Prof. W. J. Pope. 


JOURNALS WANTED. 


BOGIBTY OF CHBIIIOAL INDUSTRY JOURNAL, set ; also Vol. 1 
or No. 1 (18821, or run including. OH MIOAL SOCIETY OF LON- 
DON, Memoirs end Journal, set or any portions of 1841 70. IRON 
AND STEEL INSTITUTE JOURNAL, set, or 1869 71, 1878 (Pt. 2). 
QUARTERLY JOURNAL MICROSCOPICAL BOIENO*, Nos. 122, 
133, iJ9» 146* T 4 7 , i 49 i 15° : £} each offered, or buy run including. 
PHILOSOPHICAL MAGAZINE 1881, 1888. 1801, or run. TEXTILE 
ME CURY, Vols. 1-33 (1880-1905) TEXTILE RBOO DER, set. 
TEXTILE MANUFACTURER, set. PERFUMERY AND ESSENTIAL 
OILS RECORD, Vols. 1 to 8. 


JOHE WHELDOB ft GO., 38, Ot. Queen Street, London, W.C. 2. 
Telephone — Gerrard 1412. 
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dihydrate. In the ordinary setting of plaster the quantity 
of water is so small as to be capable or dissolving only a 
mjnote fraction of the calcium sulphate, but it is sufficient 
to form a layer of supersaturated solution around each 
particle of the bemihydrate, and when this layer deposits 
its excess of dihydrate the remaining water is available for 
the solution of a further quantity. 

It is certain that the above statement corresponds 
closely with the main facts of the setting of plaster of 
Paris of the composition 2 CaS 0 4 ,H 4 0 , as prepared by any 
of the usual technical methods. So far as the writer is 
aware, only one attempt has been made to explain the 
setting of plaster as a colloidal process. Rohland (4) has 
suggested that the water is taken into solution in the salt 
in a colloidal form, and has extended the same explana- 
tion to the caking of other salts when powdered and 
moistened, but the statement is not supported by evidence, 
and has not been accepted by others. 

There are, however, certain facts which indicate that 
the setting process is not quite simple. It was observed 
by Cloez (5) that the beat evolved during the setting 
appears at two different stages, the initial rise of tempera- 
ture on mixing plaster with water being followed by a 
stationary period and then again by a iise of temperature. 
Moreover, the density of the hydrated plaster is different 
from that which might be expected from the known pro- 
perties of calcium sulphate and its hydrates. The hemi- 
bydrate has a density of 275 and the dihydrate of 2*32, 
and a calculation shows that the latter compound is formed 
from its components with a contraction of 7 per cent, 
whilst in practice an expansion is observed, and it is in 
fact on account of this property that plaster of Paris finds 
its application in the making of casts, the expansion 
enabling it to fiU the mould completely, and therefore to 
take an impression sharply. The setting is found to be 
accompanied by a contraction, followed by a smaller ex- 
pansion. The experiments of Davis (6) led him to the 
conclusion that the crystals of the dihydrate which at first 
separate are not identical with gypsum, but consist of a 
second, rhombic modification, which subsequently passes 
into the stable form. It may also be remarked that a part 
at least of the expansion is only apparent, and is doe to 
the thrusting apart of the growing crystals, producing a 
porous mass. This effect is common in the growth of 
crystals from a supersaturated solution, aad its existence 
is obvious from the familiar porosity of a mass of hardened 
plaster. 

The setting of the various kinds of flooring plaster, con- 
sisting largely of soloble anhydrite, is in all probability of 
a quite similar character, and differs from that of plaster 
of Paris only in regard to velocity. The addition of other 
salts may also bring about great changes in the rate of 
hydration and crystallisation of calcium sulphate, potas- 
sium sulphate, for instance, accelerating the process and 
borax retarding it. Rohland has shown (7) that the 
accelerators are substances which increase the solubility 
of gypsum, and the retarders are those which diminish the 
solubility. Colloidal substances may delay the setting con* 
"dcrably, and these facts are made use of in the prepara- 
tion of many technical plasters. 


THE MECHANISM OF THE SETTING PROCESS 
IN PLASTER AND CEMENT.* 

By CECIL H. DBSCH, D.Sc., Ph.D. (University of Glasgow) 

Although the use of calcareous cements dates from a 
very early period of human history, and has attained to so 
high a development in modern times as to have given rise 
to an industry of the greatest importance, our knowledge 
,°f scientific nature of the materials and processes 
involved is even yet imperfect, in spite of many excellent 
investigations covering various patts of the subject. It is 
convenient, in a review of our present knowledge, to dis- 
tinguish between the plasters and simple chemical cements, 
sueh as the magnesia cements on the one hand, and the 
lime mortars, Roman and Portland cements, and similar 
products, on the other. The chemistry of the substances 
of the first group is now fairly well known, although the 
plasters manufactured from gypsum have proved to be 
unexpectedly complex, and there is little doubt that a 
correct explanation of the principal features of the setting 
process has been given. The case is different when we 
turn to the second group. It is only very recently that 
definite information as to the chemical constituents of 
Portland cement clinker has been obtained, and even now 
some points remain in dispute, whilst two distinct explana- 
tions of the setting process have been given, and the 
evidence in favour of either is by no means conclusive. 
In the present paper an attempt is made to examine these 
hypotheses and the evidence adduced in their support, and 
to indicate the nature of the observed discrepancies. The 
plasters are first considered on account ot their relative 
simplicity. A short section then follows on the magnesia 
and similar cements, and the third section is devoted to 
the setting of lime mortars and the complex cements 

I* Poster 0/ Paris and Gypsum Cements. 

It was shown by Lavoisier in 1765 (1) that the setting of 
plaster of Paris was essentially a process of recombina- 
tion of the dehydrated gypsum with the water of which it 
had been deprived in the process of “ burning , n and that 
the strength of the mass after setting was the result of 
the formation of a confused mass of interlacing crystals. 
The mechanism of the process was not explained until 
1871, when Professor H. le Chatelier (2) showed that the 
bemi hydrate, 2 CaS 0 4 ,H 4 0 , readily dissolves in water, 
forming an cnstable solution which is supersaturated in 
respect to the dihydrate, CaS03,2H 4 0. Any particles of 
the latter salt which may be present, probably in the form 
of unburnt particles of the original gypsum, act as nuclei, 
and set op crystallisation of the stable dihydrate. It is 
c harac teristic of crystals separating from strongly super- 
saturated solutions that they tend to grow in radial fashion 
about the nucleus. When the nuclei are sufficiently near 
to one another, the radiating needles of neighbouring 
groups interlock, and a mass possessing considerable 
m echa nica l strength is obtained, which can only be broken 
across by breaking the individual crystals. That such a 
supersaturated solution is actually formed is not only 
proved by microscopical examination, bot was shown by 
an experiment doe to Marignac (3), who shook ground 
plaster of Paris with water and filtered after a short 
interval. The filtrate was five times as concentrated as a 
saturated solution of gypsum at the same temperature, 
bot it soon became turbid and deposited crystals of the 


II. Substances the Sitting of which resembles that of 
Plaster. 


' A contribution 10 a General Discussion on "The Setting of 

sta aod Plasters," held by the Faraday Society, January r 4 , 

•I*** 


It was also shown by Le Chatelier that other substances 
which are capable of forming unstable supersaturated 
solutions will set in the same manner as plaster of Paris. 
Thus, anhydrous sodium sulphate dissolves readily in 
water, and if precautions are taken to prevent too rapid 
rotation and consequent rise of temperature, a highly 
concentrated s station may be prepared at practically con- 
stant temperature. This solution is unstable, and the 
hydrate separates in characteristic interlocking massea of 
crystals. 

Various cements composed of a mixture of an insoluble 
metallic oxide aud a solotion of the chloride of some 
similar salt ol the same metal are in technical use. For 
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example, a mixture of zinc oxide with a concentrated solu- 
tion of zinc chloride yields a strongly supersaturated solu- 
tion, from which the oxychloride slowly crystallises. 
Magnesium oxychloride, prepared in a similar manner, 
forms the basis of many cements, and may be assumed 
to set by a process of crystallisation, although Ktllauner 
(8) considers that the ease with which the chloride is 
extracted from the solid mass by means of alcohol, and 
the fact that the free magnesia in the mixture cannot be 
completely converted into carbonate by carbon dioxide, 
points to the formation of a solid solution of hydroxide 
and chloride rather than of a definite exychloride. A 
microscopical study of the setting process does not appear 
to have been made, although it would have some interest 
in relation to the problem of the dental cements, some of 
which have an analogous constitution. 

Barium metasilicate is another salt which forms super- 
saturated solutions and is capable of setting when mixed 
with a small proportion of water. Tne product is the 
crystalline hydrated salt BaSi 0 3 , 6 H 2 0 . The orthosilicate 
undergoes hydrolysis, forming the hydrated metasilicate, 
Ba 2 Si 0 4 + I5H 2 0 - BaS. 0 3 6 H 2 0 + Ba( 0 H) 2 , 8 H 2 0 . 
Owing to the comparatively great solubility of the silicate 
the setting resembles that of plaster, and the mechenical 
strength of the product is not comparable with that of a 
hydraulic cement, although in the case of the orthosilicate 
the chemical reaction is quite similar to that which con- 
stitutes the principal part of the hydration of a Portland 
cement. The product is crystalline, and consists of inter- 
locking bunches of needles. 

III. Lime, Mortar , and Cements of the Portland Class . 

The hardening of a simple lime mortar, composed only 
of slaked lime and sand with water, is a mere process of 
desiccation. The calcium hydroxide forms an apparently 
structureless mass, which may be either colloidal or 
minutely crystalline, and the cohesion of this mass 
furnishes the necessary strength. The sand merely pre- 
vents the cracking which would otherwise take place during 
the contraction on drying, by sub-dividing the line into 
thin layers. As time goes on the calcium hydroxide may 
recrystallise to a certain extent, whilst those portions of 
the mass which come into contact with the atmosphere 
may be converted into the crystalline carbonate, but 
neither of these changes is essential to the hardening of 
the cement. There is no chemical reaction between the 
lime and the sand. On the other hand, when pozzolanic 
substances are added to the mortar, such as the volcanic 
earths of the Mediterranean which were used by the Greeks 
and Romans, the trass and ground tiles which were em- 
loyed by the Romans in more northern regions, or the 
urnt brick and ballast added to this day in India, a 
chemical reaction takes place between the lime and the 
active or soluble silica which is the essential constituent of 
all pozzolanic materials, and calcium metasilicate is formed. 

Portland cement is a more complex material. The con- 
stitution of the clinker has been established by the brilliant 
investigations of the Geophysical Laboratory staff at 
Washington. The compounds which are or may be present 
are tricalcium silicate, 3Ca0,Si0 2 ; calcium orthosilicate, 
2CaO,Si0 2 ; tricalcium aluminate, 3Ca0,Al 2 0 3 ; penta- 
calcium trialuminate, 5Ca0,3AI 2 0 3 ; and free lime, 
CaO (9). Campbell has recently given reasons for believing 
(10) that tricalcium aluminate is rather to be regarded as a 
solid solution of lime in the pentacalcium trialuminate, 
but this does not materially affect the present problem. 
Not more than three of the above-mentioned compounds 
can be simultaneously present in the clinker in a state of 
equilibrium, but since the components do not reach the 
temperature of fusion during the process of manufacture, 
it is actually possible for small quantities of one or more 
additional constituents to occur in commercial clinker. It 
does not appear, however, that clinker made in a rotary 
kiln departs very widely from the state of equilibrium. 

An examination of the ternary equilibrium diagram 
shows that the clinker will contain a ternary eutectic, there 


being two such eutectics within the usual range of the 
composition of clinker. The microscopical examination 
of transparent sections of clinker does not reveal the 
presence of any eutectic, but this is simply due to the 
minuteness of the structure, much overlapping occurring 
even within the thickness of a thin section. When, how- 
ever, the specimen is polished on one surface only and • 
lighly etched, as in the examination of metals, the eutectic 
structure is clearly revealed. The writer has published one 
such photograph (n), and Mr. T. Hattori, working in the 
writer’s laboratory, has since obtained very beautiful 
eutectic structure of Japanese clinker. The calcium 
aluminate which is chiefly present as a constituent of this 
eutectic is consequently in a finely divided form, and there- 
fore in a condition to react readily with water. 

According to the explanation of the setting process put 
forward by Le Chatelier in 1887 the ground cement reacts 
with water in such a way that the silicates and aluminates 
are hydrolysed, the staple compounds being the hydrated 
metasilicate, CaS.0 3 ,2*5H 2 0, and a hydrated teiracalcium 
aluminate, 4CaO,AI 2 0 3 ,i2H 2 0, the excess of lime 
liberated by the hydrolysis forming calcium hydroxide. 
Microscopical examination of the reactions of the con- 
stituents with water led to the conclusion that the process 
was strictly analogous with that of the setting of plaster, 
an unstable supersaturated solution of the basic silicate, 
for example, being formed initially, followed by rapid 
crystallisation of the stable phase in the form of radiating 
needles. In reference to this it should be remarked that 
the procer-s is largely dependent on the ratio between solid 
and wattr, and that in hydration experiments on a micro- 
scope slide the quantity of water used is relatively much 
larger than in the gauging of cement in practice, and that 
this tact probably accounts for certain discrepancies re- 
corded by different observers. 

The alternative hypothesis was proposed by W. Michaelis 
in 1893 ( I2 )> an d expanded in a later paper (13). On this 
view, whilst the chemical reactions assumed are those 
which were shown to take place by Le Chatelier, the 
ph> steal conditions are supposed to be different. The 
hydrated metasilicate is considered to form, not a mass of 
radiating crystals, but a gelatinous mass or gel, the 
gradual dehydration of which brings about the hardening 
of the cement with time. The aluminate crystallises • 
much more readily than the silicate ; but even this is 
regarded as forming a gel when the solution is sufficiently 
supersaturated— that is when the quantity of water is 
small, as is the case in the practical utilisation of cement. 
The presence of gelatinous material at an early stage of 
the setting process is readily observed. It has been photo- 
graphed by Stern (14), and the increase of size of the 
cement particles by absorption of water and consequent 
swelling of the gelatinous sheath which forms around them 
has been described by Ambronn (15), and may be readily 
confirmed. According to Colony (16), a reaction subse- 
quently takes place between this early gelatinous material 
and the remaining constituents of the cement, and a 
secondary amorphous product is formed, the desiccation 
of which is the cause of the hardening, At a later stage 
crystals of calcium hydroxide, calcite, and zeolites make 
their appearance (17). 

An attempt to distinguish between the various possible 
colloidal products has been made by Keisermann (18), 
using the method of staining with organic dyes. The 
results indicate that the gelatinous sheath consists of 
calcium metasilicates, which compound also occurs in the 
form of small needles, whilst the calcine hydroxide and 
aluminate assume the crystalline form. These staining 
results with colloids depend largely on the concentrations 
of the substances concerned, and the writer, possibly not 
working under precisely similar conditions, has not suc- 
ceeded in confirming all of Keisermann’s results. The 
dependence of the observations of the size of grain has 
been pointed out by Wetzel (19). Other experiments in 
which stains were used led Blumenthal to the conclusion 
(20) that the metasilicate and aluminate were first formed 
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in a crystalline condition, so that the cement sat like 
plaster, bat that a colloidal gelatinous silicate was subse- 
quently formed, and suengthened the mass by binding the 
crystals together and filling the pores. 

The process of setting of the individual constituents, as 
well as of commercial clinker and artificial mixtures, has 
been examined in great detail in the laboratories of the 
U.S Bureau of Standards (21, 22). The staining method 
has been applied as a means of identification, and the 
hydration has been followed under various conditions of 
temperature and proportion of water. The general con- 
clusion is that the initial set is due to the hydration of the 
aluminates, and that the only stable hydrated aluminate 
is the tricalcium salt, the water content of which is 
variable. Either the. 5 : 3 compound or monocalcium 
aluminate, if present, undergoes hydrolysis, and the tri- 
calcium salt is for ued together with free alumina, the 
litter separating in a colloidal hydrated form. In presence 
of an excess of water the product may be crystalline, as 
in Le Cbatelier's original experiments, but with a restricted 
supply of water an impervious layer of the amorphous 
material may be formed, retarding the further action of 
Witer. The silicates are hydrated much more slowiy. the 
products being calcium hydroxide and an amorphous jelly 
of hydrated silicate. The hydroxide may be crystalline or 
amorphous, according to the concentration and to the rate 
of hydration. The hydrolysis of the silicate* is even con- 
sidered to proceed so far that gelatinous silica is liberated 
(23). The subsequent conversion of a part of the gela- I 
tinsus mass into crystals is considered to result rather in a ' 
loss than in a gain of strength. 

It would appear that conclusions based on the examina- 
tion of mixtures of ground material with water on a 
microscope slide mutt not be ap 'tied indiscriminately to 
the conditions of actual practice. The ratio of water to 
•a’ it it of the utmost importance in determining the nature 
of the products, although the chemical reactions may be 
the same in both cases. An attempt has been made by 
Von Weiraarn (34) to show that the passage from the 
colloidal to the crystalline condition is a continuous one, 
and that the difference consists only in a difference of size 
of the particles. This may be accepted in the sense of 
considering colloidal materials as being in such a fine state 
of division that the surface forces sre comparable in their 
effect with those which depend on mass. It is then not 
difficult to understand that the degree of supersaturation 
of the solution rosy determine whether the product which 
separates shall have a definite crystalline form or shall 
be in the ordinary sense amorphous. The real nature of 
the colloidal condition has been unnecessarily obscured by 
the barbarous terminology which has b*en adopted by so 
many writers on the chemistry of colloids, and especially 
by the school of W. Oitwald. Stripped of these un- 
couth technical terms the study of colloids appears far less 
formidable, and it is to be hoped that the present discus- 
sion may, by putting in relief the views of the supporters 
of the two rival hypotheses as to the setting and 
hardening of cement, lead to, a recognition of the true 
facts of the case, and to an elimination from the subject 
of the complications which owe their origin largely to s 
defective terminology. 

A final reference should be made to the action of 
catalysts on the process of setting. Whilst many obser- 
vations on this point are on record, the subject has not 
been sufficiently investigated, and affords s promising field 
for research. The remarkable changes in the velocity of 
setting which take place spontaneously in commercial 
ground cements, even when stored out of contact with air, 
are of great technical importance, and no satisfactory 
explanation of them has yet been given. 
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IS THE SETTING OF CEMENT MAINLY A 
PHYSICAL OR A CHEMICAL PROCESS ? • 

By JOHN G. A RHOD1N, F.I.C. 

Many years ago the writer worked out a process for re- 
covering the potash contained in ortbocl.i«e This pro- 
cess, which has been described many times, involved some 
rather unexpected theoretical coneideraii jns. That the 
beating of a dry mix ure of 100 parts of finely divided 
felspar with 40 part* CaO (dry slaked) a id 40 parts of 
common salt to s temperature of 900° C. should involve 
the almost quantitative transformation of the potash in 
the felspar into KCI was to say the least unexpected. I 
took it to be the establishnment of an equilibrium between 
the solid phase of two substances and the gaseous one of 
another. In my specification of 1899 I described the pro- 
cess as a reaction between the lime and the felspar, the 
NaCl acting as a “ semi- volatile ” flux. I also suggested 
that a compound resembling the zeolites was formed. 
Since then I have found that water vapour also plays an 
important part in the process, and that the resulting water- 
soluble salts are alkaline from NaOH. Slaked lime acts 
more readily than powdered unslakad calcium oxide or 
calcium carbonate, and the reaction between the anhydrous 
compounds can be facilitated by passing steam into the 
momes. The necessity for calculating the amount of 
NiCI so as to make the resuiting salt h jM twice as moch 
NaCl as KCI led to the conclusion that the proportions 
correspond to an equtltbiium between NaCl and KCI 
vapours at 900° C. I hope to return to tbit matter at a 
future date, but 1 am now forced to confine my attention 
to the residue alter washing out the chlorides. This is a 
silicate of lime and alumina, which shares with the 
zeolites the properties of acid solubility and capability of 
hydration. It hardens slowly in the air, like a very imper- 

* A contribution to a General Discussion on “The Ssttiag of 
Cements and flatter*." held by the Faradav Society, January 14, 1911k. 
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feet cement, and it can be easily transformed into a good 
cement by heating with more lime. 

Now the zeolites have another very remarkable property. 
If a crystal is heated so as to lose water it becomes anil 
and non-transparent, but it is restored to its original aspect 
and properties by simple immersion in water. This is to 
my mind closely analogous to the setting of cement, viz., 
the formation of a crystalline form of matter from an 
amorphous one by simple hydration. The physical state 
necessarily depends on beat treatment below the fusing- 
points. Zeolites melt into a glass without any character- 
istic of the original mineral. With regard to the setting 
of cements made from felspar residue, I have watched the 
phenomenon with the microscope hundreds of times. 
These cements being white, you can see the setting take 
place quite easily. The dull white surface alters quite 
suddenly, and the field of vision changes into a mass of 
translucent crystals in a way which gives the impression 
of an actual movement. These crystals adhere to one 
another just like the crystals in a sugarloaf. The 
similarity to the re-formation of zeolite crystals is quite 
startling. 

With regard to the chemical composition of a cement, 
this might vary very considerably, but the physical con- 
dition is common to all cements — a condition of labile 
molecular equilibrium. This liabiliiy may be so great 
that a cement loses its cementing properties when stored 
in a stoppered bottle for twenty -four hours l Take an 
actual case. On August 18, 1909, I made a cement by 
roasting together 200 grms. of Brymbo blast furnace slag, 
40 grms. Ca(OH) 2 , and 6 grms NaCl in a muffle at jus: 
over xooo° C. for one hour. This cement was quick- 
setting and very strong on the 18th ; the next day, viz., 
the 19th, it had changed in the bottle to a nearly inert 
powder ! I knew even then that Passau’a and Colloseus’ 
cements stored badly, but.it was supposed to depend upon 
absorption of water and C 0 2 . Well, this was the begin- 
ning of a research lasting several years, but finally 1 hit 
upon a remedy. Adding quite a small percentage (0*5 per 
cent) of aluminium sulphate or alum before firing caused 
these cements to keep as well as any. Hence the im- 
purities play an important part in cement manufacture. 
Why aluminium sulphate should improve a slag cement 
containing all the elements for its formation is a great 
puzzle. Be it observed, however, that it does not make 
the freshly burnt cement better ; it simply stops it from 
reverting to inactive silicates. It would be interesting to 
know whether Prof. Le Cbatelier observed this quick decay 
in synthetic cements. It does occur with my felspar 
cements, and the remedy is the same. 

We can deduce from these observations that the mole- 
cules of a cement are in a state of tension, ready to break 
up into smaller centres, and that the speed of this breaking 
up can be diminished by adding substances acting in the 
reverse way to a catalyser. To decide whether the change 
is quite as great as that of colloids changing into crystal- 
loids is rather difficult. Anyway, it is a similar phe- 
nomenon. A further argument in favour of this conclusion 
is the fact that fusion spoils all cements, making glassy 
slags, which no amount of grinding will turn into cement. 
The comparison with zeolites also shows a way of ex- 
plaining this theory, if we consider that the loss of water 
leaves a spongy structure similar to the gold buttons after 
parting. The constancy of volume of setting sound 
cements is a further corroboration. 

So tar the actual “ setting ** of cements. The after- 
hardening is partly a continuation of this process, partly 
a carbonating process. It is very slow and gradual, but 
quite perceptible, even after a year or more. W i(f> felspar 
cements I have found sand briquettes increase to a breaking 
stress of 400 lbs. per inch, and more after twelve months, 
although the cement contained as little as 52 per cent 
CaO. As a proof of the above-mentioned preserving effect 
of alum I may mention the following : - Mr. Benjamin 
Hannen, of Messrs. Cubitt and Co., had some time ago 
occasion to send a sample of my white cement to the 


States. The only sample to be found was contained in a 
show-bottle, and made by me four years previously. It 
was found to be as quick-setting as when it was put in. 
The curious part is that alum affects plaster in the same 
way, making Keen’s cement store well and quick-setting, 
in contradistinction to German Estrich gyps, which stores 
badly and sets slowly. 


THE VISCOSITY OF BLAST-FURNACE SLAG 
AND ITS RELATION TO IRON METALLURGY, 
INCLUDING A DESCRIPTION OF 
A NEW METHOD OF MEASURING SLAG 
VISCOSITY AT HIGH TEMPERATURES.* 

By ALEXANDER L. FEILD, BA., M.S. (North Carolina). 
Assistant Metallurgist, United States Bureau of Mines, Pittsburgh, Pa* 

(Continued from p. 29). 

Measurements of Temperature at the Blast- furnace. 
Johnson (50) has recently considered the relations of slag 
composition to the free-flowing temperature in the light of 
the melting-point determinations of Rankin and Wright 
(51) in their investigation of the system lime-alumina- 
silica. From the data of the latter investigators, Johnson 
has derived a diagram (52) which shows the melting tem- 
peratures of pure mixtures of calcium metasilicate, 
CaSiO}, with an alumina content constant at 5, xo, and 
15 per cent Al 2 03, these relations having been calculated 
directly from the ternary diagram ot the system lime- 
alumina-silica. In addition he has estimated the tempera- 
tures of numerous slags at flush by means of an optical 
pyrometer, and simultaneously has estimated by means of 
bis eye the approximate viscosity of these slags ; and has 
drawn, upon the basis of these observations, a curve (53) 
which is described by the author as a *' tentative curve of 
free-running temperature of actual slags based on obser- 
vations and pyrometer readings in practice.** 

In the course of the investigations described in the 
present Paper a number of attempts were made by the 
author, with the co-operation of Dr. J. K. Clement, 
physicist of the Bureau of Mines, to determine slag tem- 
peratures by means of a Holborn-Kurlbaum optical pyro- 
meter, which type of instrument is the most precise one 
on the market, the pyrometer lamp and doubly reflecting 
prism having been standardised by the German Reich san- 
stalt and further checked and calibrated in the laboratories 
of the Bureau. The conclusion reached in the course of 
these observations was that, due to the impossibility of 
obtaining a clean surface on the outflowing slag and of 
obtaining a slag which was entirely free from fumes, such 
measurements, at the best, were liable to a very large 
error. Accordingly a special type of platinum platinum- 
rhodium thermocouple was constructed, the inner 
mechanism of the couple being protected by a sheath of 
Acheson graphite where subjected to the action of the 
. molten slag. The temperature of the cold junction was 
noted and the necessary correction made to the readings 
of the galvanometer, which was of the Siemens- Halske 
high-resistance type jxooo ohms) and bad been calibrated 
by means of a Wolff potentiometer. The Pt Pt-Rh ther- 
mocouple was standardised by the Bureau of Standards. 

For the sake of comparison, a number of simultaneous 
measurements of temperature were made by means of the 
optical pyrometer and the thermocouple at Nos. 2 and 3 
of a large steel company at Pittsburgh. For purposes 
of illustration a few of these results are given in Table II. 

Since all optical pyrometers measure true temperatures 
only when the heated body is under “ black body ** con- 
ditions, a state from which slags at flush differ by a 


* A Paper communicated to (he Transactions of the Faraday 
Society. Published by permission of the Director, U.S. Bureau of 
Mines. 
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maximum amount, the optical readings of temperature at 
flush were discarded quite early in the course of these 
measurements at the furnace. Apart from the theoretical 
error in accuracy, such readings are liable to a very large 
variable error, due to differences in the nature of the 
slag surface and the thickness of the fume above the slag. 

Table II .—Temperatures of Slag at Flush by means 0 f 
HolbomKurlbaum Optical Pyrometer and Pt-Pt-Rh 
Thermocouple . 

Date. Fluah. H K * P i^ m 

Furnace No. 2— 

Jan. 24, 1916 2nd, am. 1487 

Jan. 25, 1916 3rd, am. 1487 

Furnace No. 3 — 

Jan. 24, 1916 1st, am. 1465 

Further measurements were made with the thermo 
couple alone. Some of these measurements are given 
in Table III. 


r. Thermocuplc. 

•C. 

1470 

1572 


1525 


Table III.— Temperatures of Slag by means of a Pt-Pt-Rh 
Thermocouple . 

(Date: Jan. 25, 1916). 

Furnace No. Temp. °C. 


2 

3 

3 

3 

2 

2 

2 

3 


«5i5 

1485 

1502 

144° 

14*5 

1490 

*53« 

*475 


The average temperature at flush by means of the 
thermocouple was, on the basis of the data given in 
Tables II. and III., equal to 1500° C. for furnace No. 2, 
and 1485° C. for furnace No. 3. with a variation in tem- 
perature at flush during the day -of 108° C. (the 14 15° 
reading is omitted, since its correctness is questionable) 
in the former case, and of 85° C. in the second case. 
Both furnaces appeared to be working perfectly normally, 
so far as could be judged from the behaviour of the slag 
at flush. 

* Table IV. gives the analysis of the slag from both 
furnaces on the day upon which the temperature readings 


were taken. 

Table IV. 

Furnace No. a. Furnace No. 3. 
Percent. Perceni. 

SiOj 35 18 37 60 

AIjO) .. .. 1208 I2\»6 

CtO 4373 40 80 

MgO 423 366 

CaS 4 21 3 65 

MnO o 39 0 55 


99*82 9872 


The author is unable to state definitely what was the 
probable experimental error in the measurements tabulated 
above, but in the case of the thermocouple readings it was 
probably not more than 25° C. Accurate measurements 
onder such conditions are extremely difficult. 

An examination of the curve of free-running tempera- 
ture as given by Johnson (54) shows a decided minimum 
at a silica content of approximately 44 per cent, this 
minimum free-ronning temperature corresponding to 2450° 
F. or 1339 0 C. 

The results of the investigations of the author demon- 
strate conclusively that, for alumina content approxi- 
mating 12 per cent, such as is assumed by Johnson, the 
slags of minimom free-running temperature correspond 
with a certain degree of approximation to a silica content 
of 36 per cent, rather than 44 per cent. 


It is of interest to note that such a silica content (36 per 
cent) corresponds with average blast-furnace practice 
using coke as fuel. 

Of course, in charcoal practice using high silica slags, 
it is possible to work with a more viscous slag than is the 
case in coke practice. However, in constructing such a 
curve as given by Johnson, the terra 14 free-running tem- 
perature ” necessarily refers to a temperature corresponding 
to a definite and constant viscosity. 

Notes . 

50. J. E. Johnson, jun., “The Operation of the Blast- 

furnace, n Met . and Chem. Eng., 1916, xiv., 363. 

51. Rankin and Wright, loc . cit. (Note 49). 

52. Fig. 8, p. 369, loc. cit. 

53* F»g- 1. P- 363, loc . cit. 

54. Loc. cit. 

(To be coetlooed). 
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SALINA FORMATION IN CENTRAL NEW YORK 
By IRENE GORMLRY. 


The saline is the period of the Onondaga salt group, the 
rock from which come the salt brines of Central New 
York. It is quite destitute of foesils, as there was 
scarcely any life on account of the extreme saltness of the 
water during the depoeition of the rock. The crystals of 
common salt that were embedded in the formation, long 
since dissolved out. give the rocks in many cases a worm 
eaten appearance, and so this is called the “ vermicular 
shale.” 

x. The first specimen analysed was taken from a cut at 
the place where the Chenango branch of the New York 
Central Railway crosses the Erie Canal, west of Fayette- 
ville in Onondaga County, New York. Much of the rock 
in that locality has the vermicular appearance referred to. 
It contains a larger percentage of calcium carbonate than 
was formerly supposed to be possible. The result of the 
analysis is as follows : — 


SiO a 

Per cent. 
•• 35*55 

AUO, 

3 34 

FetOi 

CaCO 1 

0 90 
4**45 

MjCOj 

48*57 

Total .. .. 

99 7* 


The specific gravity of the rock is a flh. 

2. The second specimen was taken from an outcrop on 
Lenox Avenue on the outskirts of the city of Oneida, 
Mew York, about twenty miles from the locality of the 
first specimen. The street is cut through the outcropping 
of the rock. It is decidedly red in colour on account of 
the large amount of haematite in its composition. There 
seems to be an entire absence of foesils in the locality, 
and there are no rocks that have the vermicular ap- 
pearance. Treating the fine rock powder with hot dilute 
hydrochloric acid dissolves the iron, and leaves a white 
residue, apparently silica. There is no effervescence on 
the addition of acid. The analysis resulted as follows 


SiO s 

Al a O, 

FejOj 
MnO . 
CaO 


MgO 


P«r ctot. 

3a*56 

7 18 
30 49 
369 
10*46 
1576 


Total .. 1 .. 100*14 

Specific gravity of the rock is 2*68. 


Cornell College, Mount Vernon. Iowa, U S A., 
December 10, 1917. 
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INTERNATIONAL ATOMIC WEIGHTS, 1918. 


Symbol. Atomic weight. 


Aluminium 

A1 

271 

Antimony 

Sb 

120*2 

Argon 

A 

39-88 

Arsenic 

As 

74-96 

Barium 

Ba 

137*37 

Bismuth 

Bi 

208*0 

Boron 

B 

11*0 

Bromine 

Br 

79*92 

Cadmium 

Cd 

112*40 

Caesium 

Cs 

131*81 

Calcium 

Ca 

40-07 

Carbon 

C 

12*005 

Cerium 

Ce 

140*25 

Chlorine 

Cl 

35*46 

Chromium 

Cr 

52*0 

Cobalt 

Co 

58-97 

Columbium 

Cb 

931 

Copper 

Cu 

63-57 

Dysprosium 

Dy 

162*5 

Erbium 

Er 

167-7 

Europium 

Eu 

152*0 

Fluorine 

F 

19*0 

Gadolinium 

Gd 

I57-3 

Gallium 

Ga 

69-9 

Germanium 

Ge 

72*5 

Glucinum 

G1 

9*1 

Gold 

Au 

197 -a 

Helium 

He 

400 

Holmium 

Ho 

163-5 

Hydrogen 

H 

1*008 

Indium 

In 

114*8 

Iodine 

I 

126*92 

Iridium 

Ir 

1931 

Iron 

Fe 

55*84 

Krypton 

Kr 

82*92 

Lanthanum 

La 

1390 

Lead 

Pb 

207*20 

Lithium 

Li 

6*94 

Lutecium 

Lu 

1750 

Magnesium 

Mg 

14*3* 

Manganese 

Mn 

5493 

Mercury 

Hg 

200*6 

Molybdenum 

Mo 

96*0 

Neodymium 

Nd 

*44*3 

Neon 

Ne 

20*2 

Nickel 

Ni 

58*68 

Niton (radium emanation) 

Nt 

221*4 

Nitrogen 

N 

14*01 

Osmium 

Os 

190*9 

Oxygen • • . , . . • . 

Palladium 

O 

Pd 

i6*ou 

1067 

Phosphorus 

P 

31*04 

Platinum 

Pt 

195*2 

Potassium 

K 

39*io 

Praseodymium 

Pr 

140*9 

Radium 

Ra 

226*0 

Rhodium 

Rh 

102*9 

Rubidium 

Rb 

85-45 

Ruthenium 

Ru 

1017 

Samarium 

Sa 

150*4 

Scandium 

Sc 

441 

Selenium 

Se 

79*1 

Silicon 

Si 

28*3 

Silver 

Ag 

107*88 

Sodium 

Na 

23*00 

Strontium 

Sr 

87*63 

Sulphur 

S 

32*06 

Tantalum 

Ta 

181*5 

Tellurium 

Te 

127*5 

Terbium 

Tb 

159*2 

Thallium 

Tl 

204*0 

Thorium • 

Th 

232*4 

Thulium 

Tm 

168*5 
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Symbol. Atomic weight. 

Tin Sn 118*7 

Titanium Ti 48*1 

Tungsten W 184*0 

Uranium U 238*2 

Vanadium V 51*0 

Xenon Xe 130*2 

Ytterbium (Neoytterbium) Yb *73*5 

Yttrium Yt 88*7 

Zinc Zn 65*37 

Zirconium Zr 90*6 

THE ORES OP COPPER, LEAD, GOLD, AND 
SILVER. 

By CHARLES H. PULTON. 

(Continued from p. 27). 

Min trail Constituting Ores of Copper, Lend , Gold, 
and Silver. 

Tub minerals in the accompanying lists are the principal 
“ ore " minerals of copper, lead, gold, and silver ores. 
They are given in the sequence of their importance. There 
are many more minerals containing the metals named, bat 
they occur usually in such small quantities as to be unim- 
portant as ore minerals. 

The reader should note that the percentages of gold, 
silver, copper, and lead refer to the pure mineral, not to a 
mixture of mineral and impurities. 

Capper Minerals . — 

1. Native copper, Cn. Contains about 98 per cent 
copper, and frequently a little silver. 

2. Chalcopyrite, CuFeS*. Contains copper, 34*5 per 
cent ; iron, 30*5 per cent ; sulphur, 35 per cent. 

3. Chalcocite, Co a S. Contains copper, 79*8 per cent ; 
sulphur, 20*2 per cent. 

4. Bornite, Cu 3 FeS 3 . Contains copper, 55*5 per cent ; 
iron, 16*4 per cent ; sulphur, 28*1 per cent. Is variable in 
composition, 

5. Cuprite, Cu a O. Contains copper, 88*8 per cent ; 
oxygen, 11*2 per cent. Formed by the oxidation of 
sulphides. 

6. Malachite, Cu a (0H) a C0 3 . Contains copper, 57*3 
per cent ; remainder water and carbonic acid. Formed by 
the action of carbonated waters on other copper minerals 
or by weathering. 

7. Aeurite, Cu 3 (0H) a (C0 3 ) a . Contains copper, 55 per 
cent ; remainder water and carbonic acid. Formed in the 
same manner as malachite. 

8. Enargite, Cu 3 AsS 4 . Contains copper, 48*3 per cent *, 
sulphur, 32*6 per cent ; arsenic, 19*1 per cent. Variable 
in composition ; cuprous sulphide may be replaced by the 
sulphides of sine and iron, and antimony sulphide may 
replace arsenic sulphide. 

9. Covellite, CuS. Contains copper, 66*5 per cent ; 
sulphur, 33*5 per cent. 

zo. Tetrahedrite, 4Cu a S.Sb a S 3 . Is highly variable in 
composition ; the cuprous sulphide may in part be replaced 
by the sulphides of silver, iron, lead, mercury, or sine, 
and the antimony sulphide by arsenic sulphide. Its copper 
content may vary from 25 to 40 per cent. It is frequently 
an important ore of silver. 

11. Chrysocolla, CuSi0 3 .2H a 0. Contains copper, 36*1 
per cent; remainder silica and water. Formed by the 
action of hot alkaline silicic waters on other copper 
minerals. 

12. Tenorite or melaconite, CuO. Contains copper, 
79*85 per cent ; oxygen, 20*15 per cent. 

Gold and Silver Minerals . — 

1. Native gold, Au. Contains usually some silver. 
Gold most commonly occurs in this form in ores. 

* Technical Paper 143, Department of the Interior, U.S.A. Bureau 
of Minee. 
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Ores ot Copper , Lead, Gold , and Stiver. 


а. Sylvanite (graphic tellurium) (Au.Ag)Te a . Conlaina 
gold about 25 per cent ; silver, zoto 15 per cent ; remainder 
tellurium. Composition variable. 

3. Argentite (silver glance), Ag a S. Contains silver, 
87*1 per cent ; sulphar 12*9 per cent. The most common 
ore mineral of silver. 

4. Cerargyrite (born silver), AgCl. Contains silver, 
75*3 P** cent; chlorine, 24*7 per cent. Formed from 
other silver minerals. 

5. Native silver, Ag. Contains chiefly silver, some- 
times alloyed with small amounts of other metals, as gold, 
lead, and copper. 

б. Pyrargyrite (dark ruby silver), Ag 3 SbS 3 . Contains 
silver, 39*9 per cent ; antimony, 22*3 per cent ; sulphur. 
17*8 per cent. Frequently small amounts of arsenic are 
present. 

7. Proustite (light ruby silver), Ag 9 AsS 3 . Contains 
silver, 65*4 per cent ; arsenic, ij 2 per cent ; sulphur, 19 4 
per cent. Sometimes a small amount of antimony i» 

present. 

8. Stephanite (brittle silver ore), Ag 3 SbS 4 . Contains 
silver, 68*5 per cent; antimony, 15*2 per cent ; sulphur, 
i 6‘3 per cent. 

9. Tetrahcdrite, referred to under copper minerals. 

to. Caiavctite, AuTe. Contains gold, 41 5 per cent; 
tellurium, about 57 per cent. Some silver is u»u*lly pre- 
sent ; variable in composition. 

11. Bromyrite, AgBr. Contains silver, 57*4 per cent ; 
bromine, 42*6 per cent. Formed from other silver 
minerals. 

12. Embolite, Ag(ClBr). Contains 60 to 70 per cent 
silver ; remainder chlorine and bromine. Formed from 
other silver minerals. 

13. Nagyagite (foliated tellurium), (PbAoSb)(TeS)j. 
Contains gold, 7 to 12 per cent. Variable in competition. 

14. Petsite, (Au.Ag)aTe. Variable in composition. 
Contains gold up to 25 per cent and silver up to 63 per 
cent ; remainder tellurium. 

15. Hessite, AgaTe. Variable in composition. Grades 
into petsits. 

16. Polybasite, ^;AgaS.CuaS)(SbaS 3 .AsaS 3 ). Contains 
62 to 74 per cent silver. Variable in composition. Iron 
and sine may in part replace silver, and the antimony and 
arsenic contents are variable. 

Lead Minerals . — 

1. Galena, PbS. Contains lead, 86 6 per cent ; sulphur, 
> 3*4 P** cent. Frequently bears silver. The most im- 
portant ore mineral of lead. 

2. Cerussite (white lead ore, carbonate ore), PbC 0 3 . 
Contains lead, 77*5 per cent ; remainder carbonic acid and 
oxygen. Formed by the action ot carbonated waters or* 
galena. 

3. Anglesite, PbS 0 4 . Contains 68 31 per cent lead ; 
remainder sulphur uioxide and oxygen. Formed by the 
oxidation of galena. 

Zinc Minerals , — 

1. Sphalerite (blende, black jack), ZnS. Contains 
xtnc, 67 per cent; sulphur, 33 per cent. The most im 
portant ore mineral of sine, 

2. Smithsonite (dry bone), ZnC 0 3 . Contains sine, 51 9 
per cent ; remainder carbonic acid and oxygen. Formed 
by the action of carbonated watera on other sine minerals. 

3. Calamine, Zn a Si 0 4 .H a 0 . Contains sine. 54 2 per 
cent ; remainder silica, water, and oxygen. 

4. Franklinite (Fe.Mn.Zn).(Fe.Mn) a 0 4 . Contains sine, 
about 16 to 20 per cent. Variable in composition. 

5. Zincite, ZnO. Contains sine, 80*3 per cent; re- 
mainder oxygen. 

6. Willemite, Zn a Si 0 4 , Contains sine, 58*5 per cent ; 
remainder silica and oxygen. 

Minerals Asso.iated with Ore Minerals. 

Certain other minerals are commonly associated with 
the ore minerals of the ores under consideration, for, as 
has already been noted, ores are mineral aggregates. The 


precious metals are frequently closely associated with 
certain metallic sulphide minerals. Thus gold is often 
found in chalcopyrite, in chalcocite. already mentioned, in 
pyrite, the disulphide of iron, and in arsenopyrite, the 
sulpboarsenide of iron. The gold is probably disseminated 
through these minerals in a very fine state of division as 
metallic or ” native N gold. The mineral is then said to 
be auriferous, and gold-bearing pyrite is auriferous pyrite. 
Silver is frequently associated with galena and sphalerite, 
with some copper minerals, and sometimes with the iron 
sulphides. It is probable that it is contained as included 
silver sulphide, argentite, or as a more complex silver 
mineral. Argentiferous galena is of common occurrence. 

The associated minerals may be divided into two kinds 
— (1) Sulphides, and (2) carbonates, oxides, sulphates, and 
silicates. The latter may be said to form the gangue 
minerals. The most common are enumerated below. 

Sulphides . — 

1. Pyrite (iron pyrites), FeS a . This sulphide of iron is 
a very common and important mineral in ores. It fre- 
quently is auriferous, may also contain silver, and some- 
times contain enough copper, ptobably as included 
chalcopyrite, to be classed as a copper ore. It is a con- 
stituent of most ores, often in considerable quantity, and 
in copper and lesd smelting operations is the chief source 
ol the iron required for the slag and matte formed during 
smelting. 

2. P>rrhotite (magnetic pyrites), PcySs (probably). A 
common sulphide of iron frequently found in ores. It is 
seldom auriferous, but may be closely associated with 
copper minerals. Its significance in ores is similar to that 
of pyrite. 

3. Arsenopyrite (mi«pickel), FeAsS. A sol pho- arsenide 
of iron. This is a common mineral in ores, and may be 
auriferous. Arsenic may be an uddesirable constituent of 
ores in a metallurgical operation, but may also be re- 
covered as a by-product, as arsenious oxide, in lead and 
C0f per smelting. 

4. Stibnite, Sb 2 S 3 . A sulphide of antimony. Some- 
times contains gold and silver. This mineral is not un- 
common in ores of lead, gold, and silver, particularly in 
small amounts disseminated throughout other minerals, as 
galena. Antimony in any form may influence decidedly 
the metallurgical treatment of an ore. 

Other sulphides and arsenides in ores are marcasite, 
FeS*. a duolpbide of iron closely related to pyrite, and 
leucopyrite, FeAt*, an arsenide of iron. 

Carbonates , Oxides , Sulphates , and Silicates (arranged in 
order of general importance). — 

1. Quarts, SiO a , the oxide of silicon, and closely related 
minerals. This mineral is almost always present in ores 
and makes op the bulk of many. 

2. Calcite, CaCO a . The carbonate of lime. A common 
mineral in many ores. Ore bodies frequently occur in 
limestone, chiefly carbonate of lime, or on the contact of 
other rocks with limestone. In such an ore body lime 
carbonate may make up a considerable part of the ore 
bulk. 

3. Dolomite, CaMg(CO 0 s> The carbonate of lime and 
magnesia ; variable in composition. The same remarks 
apply as for limestone. 

4. Sidet ite, FeC0 3 . The carbonate of iron. A com- 
paratively common mineral in vein deposits. 

5. Rhodochrosite, MnC 0 3 . The carbonate of man- 
ganese. A not uncommon mineral in some ore deposits. 

6. Barite (heavy spar), BaS0 4 . The sulphate of barium. 
This mineral is frequently found as a gangue mineral in 
ore deposits. 

7. Fluorite (flourspar), CaF*. The fluoride of lime. A 
common gangue mineral in some ore deposits. 

8. Kaolinite (kaolin, day), H 4 Al a Si a 09. A hydrated 
siliette of alumina. Variable in composition ; often tmpore. 
A decomposition product of certain other minerals, chiefly 
felspars, and often found in ores. 

Other gangue minerals not so common, although In 
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individual deposits they may be important, are rhodonite, 
MnSi(>3, the silicate of manganese ; pyrolosite and 
psilomelane, oxides of manganese ; limonite, 
Fe a ( 0 H) 6 .Fea 0 3 , a hydrated oxide of iron; magnetite, 
Fe30 4 , the magnetic oxide of iron; gypsom, CaS 0 4 , 
calcium sulphate ; the pyroxenes, complex metasilicates 
of lime, magnesia, iron, alumina, and manganese; the 
amphiboles, similar in composition to the pyroxenes and 
including hornblende, actinolite. See . ; the micas and 
chlorite, complex silicates ; the felspar group, orthoclase, 
albite, oligoclase, anorthite, &c., silicates of alumina, 
with lime and the alkalies ; garnets, complex silicates ; 
alunite, K(AlO) 3 (S0 4 )a,3lIaO t a hydrated sulphate ot 
alumina and potaasa ; and other minerals of less frequent 
occurrence. 

In an ore, the mineral composition, aside from the con- 
tained ore minerals, may be of importance. In smelting 
copper ores, the mineral form in which the iron of the ore 
occurs, for example, whether as pyrite, or combined as a 
silicate, or perhaps as magnetite, may decidedly influence 
the metallurgical treatment. It is often of importance to 
know whether the silica present in the ore is there as 
quartz, or in the combined state as a silicate. In the 
milling of gold and silver ores by the cyanide process, the 
presence of antimony, copper, or manganese, may cause 
difficulties if these elements are present in certain mineral 
form, such as stibnite, malachite, or psilomelane, respec- 
tively, but if they be present in stephanite, bornite, and 
rhodonite, for example, they may have little influence on 
the treatment. In the cyanidation of silver ores, it is im- 
portant to know the mineral in which the silver occurs, for 
the solubility of the various silver minerals in cyanide 
solution differs greatly ; thus, although argentite is readily 
soluble, proustite is soluble only with difficulty. It follows, 
therefore, that a chemical analysis only of an ore is not 
sufficient as a guide to the proper metallurgical treatment 
for that ore, but it must be accompanied by the mineral 
analysis. 

In speaking of ores, the terms oxidised and unoxidised or 
sulphide ores are frequently used. For the copper, lead, 
Zinc, and silver ores the original deposition is chiefly in the 
form of the sulphide and of sulpho-arsenide, arsenide, or 
antimonide minerals, accompanied by the commonly found 
gangue minerals. In the upper part of the deposits, 
under the influence of the atmosphere and surface waters, 
certain of the minerals, particularly the sulphides, are 
subjected to oxidation, with the formation of new mineral 
compounds, the so-called oxidised minerals. Thus, ebaleo- 
pyrite, under the influence of oxygenated carbonated 
waters is changed to limonite, malachite, and azurite ; 
pyrite and pyrrhotite to limonite; argentite, by the action of 
surface waters containing chlorides, into cerargyrite, &c. 
Many ore deposits thus have two distinct zones, an upper 
or oxidised zone, and a lower or sulphide zone, the first 
being usually the smaller. Its extent is largely dependent 
upon climatic conditions and topography. 

This change in mineral composition in an ore deposit 
from the surface downward has, of course, an important 
effect on the proper metallurgical treatment of the ore, and 
must receive careful consideration in the design of the 
metallurgical plants that are to treat the ore. 

(To be continued). 


First Report of the Bristol Grammar School 
Scientific Society, 1915— 1917.— This report shows that 
the Bristol Grammar School is in the fortunate position of 
possessing an unusually iourisbing scientific society. The 
excellent laboratories are open for practical work to the 
members of the society on certain evenings during the 
week, and in addition lectures are given at intervals. The 
society has a library of over 650 volumes and a herbarium 
of some 600 mounted specimens, and both the staff and 
the boys are to be congratulated upon the vigour and 
enterprise displayed by the members* 


THE NATIONAL EXPOSITION OF CHEMICAL 
INDUSTRIES, HELD IN NEW YORK.* 

By THOMAS H. NORTON, Ph D., Sc.D. 

(Concluded from p. 3a). 

Addresses and Lectures. 

In addition to all the many features appealing to the 
eye, not only in the diverse exhibits, but also in the daily 
production of many admirable series of motion pictures, 
portraying various phases of chemical industry, the 
management of the Exposition provided a very extensive 
lists of lectures, addresses, and symposia, dealing with a 
large number of chemical topics of timely interest. 

In most of these the patriotic note was prominent, and 
revealed the intense earnestness with which the American 
chemist faces his responsibilities during these days of 
strain and stress. 

From the addresses the following extracts are made, as 
especially pertinent to the current situation or bearing 
upon topics connected with this section of the chemical 
engineer. 

On the opening day Mr. Charles F. Roth, the 
manager of the Exposition, in welcoming the assembled 
chemists, called attention to the fact that chemistry had 
swayed the balance of power among the nations, had 
revolutionised warfare, and made its ends more destruc- 
tive and conquests more rapid. It had, in fact, trans- 
formed the entire industrial life of the United States, and 
established the nation in the foremost rank of the in- 
dustrial nations of the world. In closing he stated : — 

“ A noted German chemist once said America was the 
natural home of the coal-tar industry. We are proving 
that now, and building to make it permanently so. Not 
only of this industry is this true, but of all other chemical 
industries. Our raw materials have in the past been 
exported and returned to us in the manufactured form 
in which we used them. 

“ The Exposition has done and is doing much to further 
the development of a complete cycle of domestic chemical 
industries. It will this year inspire us to a greater feeling 
of security for the future, showing that many fields are 
now efficiently producing, and that we shall be in good 
position to not only fill all domestic needs, but to meet 
foreign competition in distant lands where a trade for the 
products of our chemical industries is already developed.** 

Dr. Charles H. Herty, Chairman of the Exposition 
Advisory Committee, followed with a stirring address, 
outlining the work now being accomplished by American 
chemists: — 

(l The services of the chemist to the nation in these 
unusual times have been prompt, efficient, and lasting. 
Our soldiers soon to enter battle should be protected by 
the most lavish use possible of high explosives. Every 
possible pound of high explosive that this country can 
produce should be manufactured and transported to the 
European battlefields. Trench warfare has met its master 
in high explosives. The terrible sacrifice of life can be 
lessened by the curtain of artillery fire. 

“ There is no time to lose. High explosives must keep 
pace, nay, must increase faster than our man power. 
When writing out my address I did it by gas-light, and I 
hated the thought that I was burning gas which contains 
toluene, every trace of which should be on its way to 
Europe in the form of trinitrotoluol. 

11 Within the ranks of that army now being formed for 
battling in the cause of freedom are many of our young 
chemists— some from the industries, some the seniors and 
graduates from the universities. At Princeton all are 
gone, at the University of North Carolina every senior 


* From the Chemical Engineer, October 1917. 
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chemical engineer ha* enlisted. At the Massachusetts 
Institute of Technology the new coarse in chemical en- 
gineering has been abandoned until after the war, because 
all of the advanced men, who prepared to enter the course 
this Pall, have enlisted, and so it goes all over the land. 

“The battle for national self-containcdness in that 
portion of the line held by the American chemist is pro- 
gressing favourably. It is not yet won, but many heights 
have been conquered, many formidable streams crossed, 
and the open plains of full national service are almost in 
sight. The Exposition, increasing in magnitude each year 
by 100 per cent of its original size, constitutes the bulletin 
by which the nation is informed of the progress made. 

“ In the centre,** Dr. Herty continued, “ the advance up 
the steep slopes of * capitalisation * has been marked. In 
1915 there was added to the chemical industries 

65.565.000 dole., in 1916 99,244.000 dols., and in 1917, up 
to September 1, 65,861,000 dole., a total gain 01 

230.670.000 dols. On the extreme right the forces of 
* empiricism * have steadily yielded ground to the advances 
of our research chemists. More and more called upon for 
utmost effort, they have never failed to respond. On the 
left flank a steadily increasing force of the ablest American 
chemists is being gathered to capture the hill of * obsoletism 
of army equipment,* and is providing the great armies wt 
are now raising with the most efficient forms of modern 
chemical means for both offensive and defensive warfare. 

M On the right centre the terrain of ‘Congressional 
apathy* has been partly won, as typified by favourable 
protective legislation for our dye-stuff industry, and by 
the guarding of the all-important electro chemical in- 
dustries at Niagara Palls from power shortage, due to 
lapsing legislation. On the left centre the auagmire 
plains of * public indifference * have been largely dried and 
made passable through the clearing skies of a sympathetic 
daily press, which has constantly emphasised the value to 
the independence of the nation of a full-rounded chemical 
industry. Finally, the counter attacks of subtle pro- 
paganda against the ability of American chemists and the 
worthiness of our products, such as American dye-stuffs, 
have ingloriously failed. The optimism engendered by 
such splendid progress will prove, however, a curse 
indeed if it leads us to overlook the seiious features of the 
present situation.** 

Prof. Julius Stibolitz, of Chicago, President of 
the American Chemical Society, in bis forcible Address 

said 

M Every cloud has its silver lining, and even the great 
black cloud of war which has been oppressing the world 
these three years has been penetrated here and there by 
bright rays of good accomplished. One of these brighter 
effects of the disaster, so far as this country is concerned, 
has been the influence of the war on our chemical in- 
dustries. Pacing the necessity not only of very greatly 
expanding their output, but also of developing many new 
products and of making older products of a far higher 
grade in quality than ever before, our American industries, 
as evidenced by the three great Expositions held in thi» 
place, have met and conquered one great problem after 
the other. We may confidently expect, and, indeed, we 
must insist, that out of this period of forced effort we 
shall emerge independent of all foreign nations in regard 
to our ability to supply the basic chemical needs of our 
country, not only in quantity but also in quality. 

*• As a single instance of the progress these years have 
witnessed in a field we must continue to hold after the 
war, let me recall the dismay of our universities — and, 1 
am sore, also of our industrial laboratories — when early in 
1915 we saw the supplies of Jena glass and of other finer 
glass cut off. Yet to-day we are manufacturing In the 
United States glassware as good as, if not, indeed, 
superior to the German brands we thought we never could 
do without. When the war is over, no matter how fierce 
trade competition may be, we most see to it that our new 
industries survive, that we do not relapse into our old dt- 
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pendence on European soirees for almost every article in 
which quality, the higher quality, is essential. 

“ In the heat of effort of these years only the most 
urgent and immediate of our needs have been met. Some 
of these results still depend for their stability upon war 
conditions ; they are still too liable to collapse when the 
world returns to its normal life and trade is free once 
more. In this situation, fraught with magnificent possi- 
bilities for much greater chemical achievements, but also 
with great dangers for the permanency of some of the 
American chemical industries, the American Chemical 
Society, for which I am speaking, sees its opportunity of 
being of new and still greater service to the country. In- 
cluding in its membership of more than 10,000 the great 
majority of leading technical chemists ss well as 
practically all the foremost men of the chemistry staffs of 
our universities and colleges, the Society is in a position 
to render service in any branch of chemistry, service that 
will be expert and at the same time judicial and unbiased 
in its spirit. 

“ Thus the Society, influenced by the conviction that 
our national welfare demands independence in dye manu- 
facturing, was active in aiding the movement to secure a 
much needed measure of protection by duties on dyes. 

Dr. Colin G. Pink, President of the American Electro- 
chemical Society, said : — 

“ Never before in the history of electro-chemistry has 
the vast importance of the various electro-chemical pro- 
ducts been so forcibly brought t? the attention of our 
Government and of our people as in the present year of 
the great war. Take from this country the electro- 
chemical industry with its numerous and diversified 
manufactures, and the martial strength of our country is 
hopelessly crippled. Think of the hundreds of machine 
shops that are utterly dependent on the electro-chemical 
abrasives, carborundum, and alundum ! Think of the 
thousands of rifles and guns turned out every month with 
the aid of high speed steel made from electric ferro alloys 1 
Think of the millions of pounds of electrolytic copper that 
are absolutely essential for our electrical apparatus! 
There is the air-plane, whose light strong stays are made from 
the electro- chemical metals aluminium and magnesium ; 
there is liquid chlorine, a product of the electrolytic cell 
and basis of the Carrel -Dakin method of treating the 
wounds of our heroes ; there is electrolytic hydrogen, used 
in all of our scoot and observation balloons, and there are 
nomberless electric alloys entering into the composition 
of nearly every item of the Government** vast military 
equipment.** 

Prof. M. T. Booert, of Colombia University, Chair- 
man of the Chemistry Committee of the National 
Research Council, outlined very fully and vividly the 
nature of the work now being done by American chemists 
to add to the country's effective power during the world 
conflict 

" Our Committee was organised before the outbreak of 
the war by the National Research Council at the request 
of President Wilson through the agency of the National 
Academy of Science with the co operation of the American 
Chemical Society. Its business consisted of the co- 
ordination of scientific activities under various Sob-Com- 
mittees ; a census of research chemists. Returns horn 
this census have been classified and indexed, and all Sub- 
committees have been furniahed with lists of chemists 
experienced in particular lines of work ; detail of drafted 
chemists to positions of value. Already more than 300 
individual problems of widest range have been given care- 
ful consideration, and reports made to various depart- 
ments concerning these problems. Its chief fuoction has 
been to serve as a central clearinghouse and co-ordinating 
agency for the chemical research work throughout the 
country. It serves also as a bureau of information by 
which accumulated information is given wide usefulness. 
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It ia estimated by the British authorities from their 
longer experience in such matters that only one sugges- 
tion in 300,000 proved to be of real usefulness. The 
Committee has raised funds to meet the expenses of its 
own activities. 

“As a result of the Committee’s experience to date 
chemists are needed in the following lines : -For teaching, 
the recruiting stations of the chemical laboratories being 
the educational institutions for the control and direction of 
industrial operations of all kinds; munitions, gas, metals, 
leather, rubber, oils, paints, &c. ; for the inspection and 
analysis of Government supplies ; to identify poisonous 
gases, to detect poisons in water supply ; for the develop- 
ment of new plants and processes throughout the country, 
these being called for by increased demand and cutting 
off of former sources of supply ; for small scale manu- 
facturing operations in educational and research institu- 
tions ; for the security and defence of the country by pro- 
tection against the enemies’ contrivances ; as advisers to 
the Government as to the best existing knowledge on 
various subjects, and as to the best qualified men to 
initiate whatever research may be needed ; in the Govern- 
ment laboratories to supplement the present forces. 
Many reagents and synthetic drugs, needed only in small 
quantities and therefore not of any particular interest to 
the commercial manufacture, are now being made in 
universities and research institutions just as is being done 
in England, and thereby are furnished materials of utmost 
importance for the prosecution of the war and safety of 
the country. 

“ Drafted chemists should be exempted on account of 
industrial needs. They are rendering just as valuable and 
important service as those in the trenches, and should be 
given insignia to indicate such exemption, as is done in 
France. At present there are more volunteers for research 
than problems to be solved. The Committee is trying 
simply to supplement the work of the existing Govern- 
ment laboratories, but the number of problems is daily 
increasing. 

“ Military power is dependent upon scientific efficiency. 
This was no more strikingly illustrated than by the 
Germans, who replaced their exhausted supply of Chilean 
nitrate by atmospheric nitrate. It is difficult to talk on 
this subject with its many ramifications at a meeting like 
this, so I will talk on only one or two of its phases, 

“One of these is hydrogen. It may not be believed, 
but it is true that the balloon and the submarine are 
problems in common. There is the necessity of analysing 
the hydrogen used in inflating balloons for the discovery 
of foreign matter likely to be detrimental to the balloon’s 
fabric. Then there is the development or creation of 
static electricity in the fabric of the balloon. That is 
another thing the chemist has to look out for. 

“American chemists have devised two automatic 
hydrogen detectors and turned them over to the Govern- 
ment. The purpose of these detectors is to warn the 
submarine crew of the escape of chlorine gas from the 
storage batteries. 

“The first gas attack was made by the Germans on 
April 15, 1915. Within four days after this first attack 
the Allies had equipped 3,000,000 men with temporary 
gas masks. 

“ At the present time there are 15,000 workers in 
England alone engaged in making masks for the military 
forces. They are turning out 20,000 masks a day, while 
contracts had been made for 25,000,000. One hundred 
and fifty chemists in this country are working on the gas- 
mask problem for the American soldiers.” 

Dr. L. H. Baekeland, in an Address upon “ The Future 
of the American Chemical Industry,” brought out many 
important points 

“We have carried the mass production of synthetic 
explosives to a point never dreamed of. With truth, it 
can be said that if it were not for one of our largest 
chemical manufacturing companies, which promptly 
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rushed to the rescue of the Allies at the beginning of the 
war and furnished them with explosives of which they 
were short, the war might have been ended a year ago 
in favour of Germany. 

“ Since then the chemists of France and England also 
have shown abundantly what they can do when conditions 
require it, and everything points out that after this war 
is over the supremacy ot Germany in some of the chemical 
industries in which she heretolore was a leader will be a 
thing of the past. 

“As far as the mineral chemical industries are con- 
cerned this country, even before the war, could stand 
excellent comparison with Germany or any other country. 
In fact, when it comes to the production of acids and 
heavy chemicals, the United States in several of these 
branches was decidedly ahead of Germany. There is no 
doubt, however, that we were behind in the manufacture of 
synthetic organic chemicals, which include the coal-tar 
dyes. But there was nothing strange or abnormal in this 
situation. The importation of these products in the 
United States before the war did not exceed 10,000,000 
dole, a year, this covering more than 1000 different kinds 
of products, all of which require special processes of 
manufacture, and some having to be worked in very small 
units. As a business proposition there was little to attract 
shrewd American business men. 

“ If Germany specialised in this branch of chemical 
industry, it was merely because she did not have the same 
opportunities for enlisting in other fields of enterprise. In 
this country we had new mines to exploit, new fields to 
cultivate, new railroads to construct, and many more in- 
dustries of immediate importance claimed the full attention 
of our men of enterprise or scientific training. No wonder, 
then, that a little paltry industry of the kind was 
neglected. 

“ Nevertheless, as far back as the early seventies, a few 
enthusiasts started the manufacture of aniline dyes in the 
United States. They were making quite some headway, 
but in 1883 they had to perch through unfavourable tariff, 
legislation. At that time German agents were already at 
work in this country, and were leading our textile manu- 
facturers by the nose, and they helped them in their 
lobbying for the lowest tariff on dye-stuffs, claiming that 
Germany would serve them, furnishing them with what 
they called their * raw material.’ This situation acted as 
a boomerang and paralysed out textile industries at the 
beginning of the war. 

“ Since then this country has realised that we most not 
estimate the value of the colour industry in dollars and 
cents, but by the direct bearing it has as a key to all other 
industries. A few cents’ worth of the right kind of dyes 
decides whether a hundred dollars worth of textiles can 
be sold or not in the open market. What is most extra- 
ordinary, almost a wonder, and bears witness to the 
flexibility and adaptability of American enterprise, is that 
in less than three years we should have made ourselves 
independent of Germany in the line where she bad the 
start on us since half a century. 

“The steady development of our industries of heavy 
ohemicals, in the mineral or inorganic line, will very 
probably proceed as in the past. America’s greatest 
development will consist in the further extension of in- 
dustries in the organic field. 

(< In a country blessed beyond comparison with all the 
necessary natural resources for a large chemical industiy, 
with a home consumption greater than that of any other 
country, are verv short of cheap water powers. Our great 
development of the electro-chemical industries in the 
United States was due to the fact that for the first time 
we placed at the disposal of our industries abundant 
electrical current, at lower rates than it has been obtain- 
able in the past by means of steam. We became the 
leaders in those industries. Niagara Falls and its in- 
dustries became a by-word of electro-chemical supremacy 
throughout the world. Since then all other countries have 
gone us one better in the production of cheap water power. 
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Unless we change oar present condition, it looks an our : war has brought into the world, the conclusion becomes 


electro-chemical industries, our leading cdefnical industries, 
were going to be wrested from us to find a more inviting 
home in Canada and in Norway. Unfortunately, here 
again the condition is one of 1 dog-in-the-manger ’ politics. 
A hydro-electric plant as a Government enterprise would 
not involve much of a new departure as compared with 
that splendid example of good engineering, the Panama 
Canal.** 

Mr. W. S. Kies, Vice-President of the National City 
Bank, told of the development of the American export 
trade in chemicals 

11 The capital invested in chemical production from x88o 
to 19x5 has increased about eight times. The number of 
employees in the industry during that period increased but 
a trifle over three times, and the wages and salaries paid 
increased about five times— from 6,000,000 dols. to 
31,000,000 dols. In 1914 the chemical industries of this 
country exported in round numbers chemicals, drugs, and 
dyes to the amount of 27,000,000 dols. In the fiscal year, 
1917, these exports amounted to 185,000.000 dols. In 
explosives the value of our exports grew from 6,000,000 
dole, in 1914 to 820,000,000 dols. in 1917. Under the 
heading • other explosives * the value of our exports grew 
from 1,000,000 dols. in X9X4 to 420,000,000 dols. in 19x7, 
showing that in the industries closely allied with chemicals 
the growth has been quite as striking as in chemicals 
proper.** 

Dr. B. C. Hesse dwelt upon the relations of the tariff 
to the manufacture of coal-tar chemicals 

“There are not a few prodocts of even the coal-tar 
chemical industry in which an import duty may in effect 
become a premium on inefficiency in operation and 
management, particularly in those cases where the costs 
of the basic materials employed are substantially the same 
at home and abioad m such cases, after the manu- 
facturing technique has been acquired and a degree of 
efficiency in operation and utilisation fairly eomp treble 
with the maximum has been achieved, the sole disability 
to the foundation of the industry will have been removed, 
and domestic makers should then be in position to com- 
pete on those goods with foreign makers in our own 
markets without any artificial help through protective 
import duty, and thus give these articles to such of our 
other domestic industries as use them at prices equal to 
those anywhere. 

u In order that too much time be not taken in getting 
going, the conditional five-year limit to the life of the 
ear-tax of 5 cents per pound on certain dyes and of 2$ 
cents per piund on intermedittes was obviously inserted 
in the present dye and allied chemicals tariff, which, in 
my opinion, is a very wholesome and a very equitable 
spur to our d)mestic manufacturers.** 

Mr. G. A. O’Reilly, of the Irving National Bank of 
New York, spoke upon u Chemistry and the Banker ** : — 

« The true relation of banking to chemistry «* found in 
the theory of practical everyday business. This theory 
must be taken seriously and literally by both banker and 
chemist if they are to derive the greatest benefit from each 
other and from business. Regardless of tradition and of 
personal inclination, they must descend from their respec- 
tive pinnacles, whether of financial exclusiveness or 
scientific preoccupation, and get together in the intensely 
practical and really very comfortable atmosphere which 
the thoroughly up-to-date business man of to-day has 
created and prepared for them. If in doing this it becomes 
necessary to disturb an occasional delightful fiction or to 
smash an occasional professional idol, it is believed that 
both may be done to the entire benefit of all concerned. 

M The theory that the true relation between chemistry 
and banking is foond in business finds considerable justi- 
fication even in conditions existing before the war. When 
viewed in the fight of the big wonderful new things which 


irresistible. Tne indifference with which in former 
years private interest viewed national problems and diffi- 
culties finds but slight resemblance tin the magnificent 
response which business everywhere has made to the 
nation*s call. 

“And so while considering the business relationship 
between chemistry and banking we should concede suffi- 
ciently to the business advantages which will result to 
both from a proper getting together, we must not lose 
sight of the fact that the big thing in this relationship will 
be the national interest, ror os there are just two worth- 
while things in the world to-day— one, to win the war ; 
the other, to protect American interest afterward. 
Naturally, winning the war comts first, but preparations 
to that end should be definitely based upon the under- 
standing that wars are to be won principally that nations 
may live in greater peace and security and prosperity 
afterward.** 

Dr. Aetnue D. Little, of Boston, the well-known 
chemical engineer, dwelt upon the same theme : — 

“The formation of indigo in the plant is a chemical 
reaction no less than when indigo is made by synthesis 
in the laboratory. Bankers were not particularly interested 
in the laboratory work until it became a commercial 
success, whereupon they began to take a decided interest 
in the credit of the indigo planter. Agriculture, which is 
so fundamental to the well-being of any country, depends 
very largely upon chemistry, which makes possible 
fertilisers, furnishes data upon which methods of civilisa- 
tion may be based, and revises methods for the utilisation 
of what would otherwise be an absolute waste. For 
example, the utilisation of cotton seed has added more 
than a bondred million dollars annually to the value of the 
cotton crop, and cotton itself has become the raw material 
for very diverse chemical processes of the highest im- 
portance, such as explosives, celluloid, lacquers, and other 
well known items of commerce. 

“ The chemist is made to feel that be speaks a foreign 
language when talking n the banker, but events of the 
last three years are changing that. The flying corps risks 
its life daily solely for the advantage of a different view- 
point. The banker is in as great need of a new viewpoint, 
and can avail himself of it very much easier and without 
such risks. The waste that the chemists see on every 
hand really hum, but it seldom moves the banker. The 
chemists through the prevention and utilisation of these 
wastes could doubtless do more than any other profession 
in paying the debts of tha war. This certainly should 
interest the banker. Of scarcely secondary interest is the 
chemistry of insurance, and the work which chemists can 
do in preventing the great annual fire losses. If Niagara 
Falls ran coal instead of water, how long do you suppose 
it would be maintained for the sake of a spectacle, and 
yet great obstacles have been placed in the way of the 
chemical engineer who would utilise Niagara's energy 
more folly than at present without seriously endangering 
the spectacle.** __ 

Dr. Little, on another occasion, discussed the dye- 
stuff situation : — 

“ Roughly speaking 75 per cent of the dye-stuffs needed 
art made in this country, and of this three quarters, some 
are made in such excess that a considerable export trade 
is carried on with friendly countries, especially England. 

“Of others needed there is a shortage, and this is 
sci i jus in such basic colouts as magenta, methylene blue, 
aura mine, methyl violet, and a few more. The prices of 
mrny of them are way up, which has lured into the 
bu«inesn a number of minor concerns ih which the art is 
lacking to secure adequate yields. Some also are under 
incomplete chemical control, and they fail to purify their 
matcnals properly. This is incidental to pressing need 
and hasty establishment which the whip of time will 
correct. On the other hand, the very highest praise should 
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be swarded to the conscientious manufacturers who have 
strained every nerve to meet tbe country’s needs, often at 
the expense of profit. 

“ We have then three-quarters of the dye-stuffs needed, 
some aplenty and others scarce. In regard to quality, 
American-made dyes are the same as German dyes, only 
there are not so many of them. If some small makers 
are still short in their yields the loss is theirs. If they do 
not purify their materials enough the defect is more likely 
to be in shade than in fastneps. This is a complete cata- 
logue of the defects of American-made dyes and it does 
not apply to the products of the important makers. 
Nevertheless, dyers have been sorely put to it. They 
have had to use one material when they wanted another, 
and the substitutions have often been unhappy. They have 
alBO been compelled to relearn the art of using dyewoods 
for many purposes which are new to the present genera- 
tion, and this is not to be learned in a day. The trouble, 
however, has principally come from the makeshift substi 
lotion of wrong materia s for the right ones, because the 
right ones are lacking. The colours themselves are tbe 
standard articles whether made in Germany, France, 
Switzerland, England, or here. And missing and scarce 
products are coming upon the market as agreeable sur- 
prises at short intervals.” 


Chemical News, 
Jan. 25, 1018 


NOTICES OF BOOKS. 

Tfu Training and Work of the Chemical Engineer. 

London : The Faraday Society. Pp. 60. Price 38. 6d. 
This pamphlet contains a full report of a general discus- 
sion held by the Faraday Society, and is reprinted from the 
I ransactionS'VO 1 . xiii., September, 1017. The introdnc- 

u ty A? dcUvered b y th « Chairman, Sir Robert 

Haatieid, F.R.S., and various aspects of the subject were 
[ put before the audience in papers by Sir George Beilby, 
who opened the discussion, Prof. F. G. Donnan, and 
others. Schemes of work were outlined in these papers, 
and many criticisms and suggestions were made. Many 
eminent men took part in the proceedings, and stress was 
laid upon the need for reforms in our educational system, 
beginning at tbe bottom. The consensus of opinion was 
decidedly in favour of adequate training in both chemistry 
and engineering, and in giving students access to works 
where they may learn bow to understand and handle men. 
it is looked upon as essential that men of large scale 
practice should help in teaching and managing at tbe 
Umvemties. and that University laboratories should have 
possibilities of teaching students to carry out chemical 
processes on the scale of a small experimental plant. 


H. Gardner McKerrow dwelt also upon the same 
topic 

11 In point of quality American colours will, for the most 
part, compare well with the best imported colours. Both 
as regards brilliancy, fastness to washing and light, and 
genera] wearing qualities, the new styles are fully equal to 
the well known German type, as indeed there is no reason 
why they should not be, for the making of a dyestuff is, 
given the requisite intermediates of good quality, simply 
the following out of a fixed formula and the carrying out 
of certain prescribed successive steps. 

11 The industry is well established, and there is no longer 
any fear of a shortage of dye-stuffs, or a shutting down of 
factories on an account of an absence of colours, and the 
new fashions are showing as much variety and brilliancy 
of shade as ever. It is true that some of the more delicate 
and fancy shades are not yet obtainable in American-made 
dyes, and it may be some time before these are forth- 
coming, for the simple economic reason that they are used 
in comparatively small quantities and only by certain 
specialised industries, such as certain kinds of silk manu- 
facture. Doubtless these specialised manufacturers feel 
themselves aggrieved because their needs are not among 
those which have been filled, and are inclined to say 
dyestuff manufacturers, like all others engaged in- under- 
takings which are primarily expected to be profitable, will 
natorally tend to produce those commodities which are in 
the most general demand and in the largest use. Whether 
our newest addition to the industrial accomplishments of 
the country continues to live and thrive after the war is 
over, and when, presumably, we shall meet with the 
desperate competition of interests which are struggling to 
save for themselves the remnants of trade life which have 
been left to them, depends on two things — a proper 
degree of protection against dumping and undervaluations 
of imports, and an earnest and patriotic co-operation on 
the part of our manufacturers and colour users them- 
selves.” 


Oil in the United States. — The principal oil producing 
States in America are California, Oklahoma, Illinois, West 
Virginia, Texas, Louisiana, Ohio, and Pennsylvania. 
Over 33, 500, 000 barrels of fuel oil, according to the 
Engineer , are annually consumed by railways. The total 
yearly oil production of the United States is about 
222,500,000 barrels of 42 gallons, and is furnished by the 
six great fields and a few scattered states. The greater 
part of tbe oil produced from the Gulf and Californian 
field! is consumed as fuel. 


MISCELLANEOUS 


Le Cercle de la Chimie.— A society entitled Le Cercle 
,a Uhimie .has recently been founded in Pans, the 
offices being situated at 54, Rue de Turbige, Paris, 3 e. 
Ihe obect of the society is the bringing .together of 
chemists, engineers, manufacturers of chemical products, 
&c., to enable them to discos, matters of common interest, 
and to keep themselves informed of the developments of 
sc.ence, and in particular of the chemical industries in 
1- ranee. Tht Rtvut dtt Produits Chimiquts, published 
at the above address, will be the official organ of the 
S ?ciety. 0 


NOTES AND QUERIES. 

? U u Noles * nd . Queries column was opened for the purpose of civioa 
and obtaining information likely to be of use to our readers generally 
We cannot undertake to let this column be the means of transmitting 
merely private information, or such trade notices as should legitimately 
come in the advertisement columns. 7 

thfv^m. ReqUi i^ d -, ? epl ? ,0 K >— 11 “ highly improbable th.t 
the volumes can be purchased at the present time If, however S. K 

f!nm F fh 0 r*h lh ® Society he would be able to borrow them* 

from the Library under the customary regulations.— F. W. C. 

MEETINGS FOR THE WEEK 

Monday, aS.h-Roy.l Society of Arts. 4.30. (C.ntor Lecture) 

r' H # h i> Te .® peralure Processes and Products.” by 
C. R. Darling. 7 

Tuesday, 29th. Royal Institution, 3. ” Palestine and Meaopotaraia- 
Discovery. Past, and Future,” by Prof W. M. 
... Flinders Petrie. 

Wednesday, 3 oth.-Royal Society of Arts, 4.30. •• The Manufacture 
of Margarine in Great Britain,” by Sir William 
u. Watson, Bart. 

Thursday. 3 :.l—Roy.l Institution. 3. •• Illu.ion. of the Atmoephere 
—Revolving Fluid and the Weather Map," by Sir 
Napier Shaw. 1 r 

— *{ Society. “ The Growth of Trees,” by A. 

Mallock. “Action of Light Raya on Organic 
Compound* and the Photo-syutheais of Organic 
from Inorganic Compounds in presence of In- 
organic Colloids,” by B Moore and T. A. 
Webster. Isolation and Serological Differentia- 
tion of liactllus tetani," Capt. W. I. Tulloch 
Investigation into the Periodicity of Measles 
Epidemics in the different District* of London for 
„ _ the Years 1890-1912,” by J. Brownlee. 

Friday, Feb. i&t.— Royal Institution, s.30. “Gravitation and the 
Principle of Relativity,” by Prof. A. S. 
Eddinrton. 


Eddington. 
Saturday, 2nd.— Royal Institution, 3, 
M. P. H. Loyson. 


“ The Ethics of tbe War,” by 
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THE IDENTIFICATION AND ESTIMATION OF 

LEAD IN WATER. 

Part I. 

By ROBERT MELDRUM. 

The following investigation was undertaken to examine 
into the sensitiveness and reliability of the hydrogen sul- 
phide and potassium chromate colorimetric methods for 
the detection and estimation of lead in water. Both pro- 
cesses are in general use with considerable variations in 
procedure and manipulation according to the ideas of each 
individual operator. Failure, therefore, to discover lead 
when present, or seriously under or over estimate it, is 
mainly doe to impottant details in manipulation being not 
fully recognised or overlooked. As noth methods are 
purely comparative it is generally assumed that equal pro- 
portions of reagents + equal conditions + equal lead con- 
tents with variable waters will give equal intensities 
in coloration. But so far as the aotbor’s investigations go 
this has been found to be the case, but only as regards the 
same kind of water. It will be shown that different waters 
with equal lead contents, with the H a S process, give 
unequal coloration intensity. It will also be shown that 
with the same water at variable lead dilutions with slightly 
excessive ratios of reagents that the resulting coloration 
for any specific lead dilution is also not constant as regards 
the H a S process. No sample of water which has passed 
through the author's hands has gone astray from this 
general behaviour. At this stage it is considere 1 desirable 
to give in detail a description of the H a S method in use 
by the author, which is based on the experimental data to 
be afterwards described, which of course is applicable to 
the general testing of waters for lead by the H a S process. 

The HaS Colorimetric Process. 

The Standard Lead Solutions . — This is best prepared by 
dissolving 1*831 grms. pure normal lead acetate in about 
100 cc. distilled water, adding a few drops of acetic acid 
to dissolve the lead carbonate formed, filtering into a 
100 cc. flask, and making up to the mark after filter is 
well washed with acidulated distilled water. This solution 
will contain 0*001 Pb per cc. From this a weaker solution 
containing o 0001 Pb per cc. is prepared by dilution 
when required. It will be necessary to determine the Pb 
in the acetate or in the standard by precipitation as PbSCL 
as a check on the purity of the acetate. Normal lead 
acetate as purchased cannot always be depended upon for 
normal Pb, doe to vaiiation of crystal water present or to 
basic lead acetate or lead carbonate. Five grms. of the 
acetate is a conveniently large portion »o weigh out for the 
lead determination. The acetate, if actually normal, 
ought to contain 54*353 per cent Pb, and the standard 
corrected for any deficiency or surplus found. 

The standards most be stored in lead free glass bottles, 
and on shaking must remain clear, bright, and free from 
all traces of cloudiness and suspended matter, and contain 
no deposit st bottom of bottle. Should at any time a 
doodinsas appear in the standard a few drops of acetic 
acid ought to be added and well shaken ; but should, how- 
ever, a cloudiness or deposit persist the standard is not fit 
for use. In particular these remarks apply to the weak 
lead standard, which under the best conditions cannot be 
kept in good condition for many days due to bacterial and 
fungoid growths and to matter dissolved from the glass. 
This suspended matter is frequently of a flocculent nature, 
which will not dissolve in acetic, and in which the lead 


appears to be higbly concentrated. Thfe result is that this 
matter gives, when added to the standard test water, 
floating or suspended particles of PbS which ought to be 
in solution as PbS. It is, therefore, of importance to 
examine all lead standards carefully before use. 

All lead standard solutions, especially when containing 
only o*oooz Pb per cc. on prolonged keeping undergo 
depreciation, due to the absorption of H*S, NH4HS, SO*, 
and N H 3 fumes, even in traces. The standards, therefore, 
ought to be preserved in capped stoppered bottles in a 
pure atmosphere. 

Pouring out the standard from the bottle into a burette 
or other measure cannot be considered satisfactory, as tha 
lead concentrates around the stopper and lip of bottle. 
It is more satisfactory to withdraw the solution by means 
of a good pipette. The best plan to adopt is to withdraw 
25 cc. of the stronger standard and place in 250 cc. flask 
and make up with distilled, and use a 5 cc. graduated 
long stemmed pipette for withdrawing same. A cork is fitted 
to pipette, which rests on neck of flask. Even graduated 
pipettes of 2 cc. divided into 50 or 100 parts may he used 
if desired, or when necessary. 

H a S Solution. — This ought to be freshly prepared, or at 
most three days old, and of maximum strength. In any 
case it ought to be bright, clear, and free from suspended 
kulphur, HaS0 4 , HaSOj. This is best contained in a 50 cc. 
bottle of lead free glass, to which is fixed a cork with ^ 
1 cc. long stem pipette attached. r 

Acetic Acid Solution . — This is the only acid suitable fo 
acidifying as no coloration will take place at extreme lead 
dilutions with HC1, or H a S0 4 , or H 2 S0 3 . A convenient 
strength to use is 20 per cent glacial acid by volume to 
80 per cent distilled water. The acetic acid must of course 
be lead free and tested with H a S and coloration if any 
compared with distilled water. This must be kept in lead 
free glass bottles with a x cc. pipette attached as with the 
H a S solution. 

Apparatus , &x . — The following is a list of the minimum 
and simplest apparatus required tor general testing pur- 
poses, which answers equally well foe the H a S and 
chromate methods. But to save time and delay and 
trouble the apparatus may with great advantage be dupli- 
cated or trebled. 

x. Two 100 or 50 cc. bottles with two x cc. pipettes 
fixed. 

2. One 5 cc. long stem pipette divided into tenths. 

3. Three graduated too cc. cylinders of best colourless 
glass. 

4. Or three Nessler tubes with stopcocks— 100 cc. 

5. Three 50 cc. graduated cylinders same diameter as 
too cc. 

6. Three glass rods 12 inches long with flattened ends 
as mixers. 

7. Sheet of white thick blotting psper. 

8. Porcelain tile 12x12 inches, or porcelain plate or 
tray. 

9. xo cc. burette stoppered divided into tenths. 

xo. An accurate 25 cc. pipette for making standard. 

xx. A clean bottle or burette brush to fit test cylinders. 

The apparatus becomes more complex, especially as 
regards the illumination, where special work requires to 
be undertaken as regards the action of various waters on 
lead under various conditions, but it is not necessary to go 
into these at present. 

The Sample. — The sample of water to be tested is well 
shaken and carefully examined in a good light for any 
traces of cloudiness, suspended matter, or deposits 
adhering to bottom of bottle. The fact is most Irequently 
overlooked that lead when present often exists in suspen- 
sion, or as a deposit at bottom of bottle. The sample is 
well shaken after removing all adhering deposits by means 
of a long glass rod with a rubber end. 100 cc. are drawn 
off and acidified with x cc. 20 per cent acetic acid and 
filtered into graduated 100 cc. cylinder, which portion is 
used for determining the total lead in solution and suspen- 
sion. To obtain the lead in solution it is only necessary 
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to filter the water without adding any acid into another 
zoo cc. cylinder. The results are expressed as Pb in solu- 
tion + Pb in suspension — total Pb. 

The sample must be examined for colouring matter 
against distilled water, which can be done with one of 
the above portions. The colouring matter present may 
usually be estimated as compared with cc. lead solution 
in distilled water required to match it. The colour of 
many waters may be matched in this manner. The cc. 
lead solution used to produce equality of tint is deducted 
from the total cc. lead solution required in the Pb estima- 
tion. This will only be necessary when the water colour 
is high and distilled water used for the standard. In some 
cases it is not possible to match the natural colour of the 
water by this means, and other substances such as caramel 
solution or peat extract used instead. 

It is essential to test the glass bottle containing the 
sample for lead. This can only be done by emptying the 
contents and washing well with a bottle brush, and finally 
cleaning with a i per cent solution acetic acid and well 
washing with distilled water. Pill the bottle with 500 cc. 
distilled and 10 cc. strong acetic and allow to stand 
twenty-four hours and test for Pb. When the bottle can- 
not be emptied in this way the test may be made by 
cleaning the outside of bottle and immersing the base 
in a basin with the acidulated water and performing the 
test. The application of this test is imperative when the 
nature of the glass is unknown. 

Th$ Blank Bxparimtnt , — It is essential, more especially 
with new apparatus, to test the graduated cylinders, 
pipettes, and reagents for lead. This is best done by 
washing out all the cylinders, pipettes, and test glasses 
with HC1, tap and then distilled, and filling all with dis- 
tilled and adding 1 cc. 20 per cent acetic and well mixing 
with glass rod mixers, and allowing to stand for an hour 
with the glass rods in the cylinders. Now add z cc. H a S 
and compare with cylinder full of distilled water only. 
The blank is considered satisfactory if no trace of colora- 
tion develops in two minutes. 

Th$ Proctss . — 100 cc. of the sample which is suspected 
to contain Pb is placed in one of the cylinders and 1 cc. 
acid added, and well mixed and put aside for two minutes. 
1 cc. H a S is added and again well mixed. This is com- 
pared with another 100 cc. of the sample or distilled water 
without any reagents being added. The least trace of 
coloration will indicate the presence of either copper or 
lead. The presence of copper is detected by testing 
another portion of the sample with ammonia, and if pre- 
sent the lead must be identified and estimated by the 
chromate method to be hereafter described. As the ferro- 
cyanide test for copper also gives a reaction with zinc and 
iron and lead, brown, white, and blue tints respectively 
result, which, if all be present, will, more or less, make 
the test very indefinite. It is therefore better to use 
ammonia for identifying the copper. It is also well to 
remember that zinc in acetic acid solution is also precipi- 
tated by H a S, which causes a turbidity when present to 
the extent of z in zoo, 000 or more. The zinc, therefore, 
only becomes troublesome by obscuring the brightness of 
the lead sulphide coloration. Should this obscurity persist 
by the presence of zinc the lead will require to be esti- 
mated by the chromate method. However, by adding 
only z cc. H a S or 075 cc. no turbidity will result from 
zinc, even when present to the extent of z in zoo.ooo. 

The lead is estimated by comparing the intensity of 
coloration resulting from the addition of H a S to the lead- 
contaminated water, with a sample of the same water but 
free from lead, to which is added lead standard solution to 
produce equal intensity of coloration. The most con- 
venient and reliable way to do this is to take zoo cc. of the 
sample, add acid and H a S. and compare with zoo cc. of 
the lead-free sample, to which is added z cc. acid, and 
lead solution till equally approximate tints are obtained. 
Then take a fresh zoo cc. and add to this the cc. lead 
solution found as abqve, add acid and H a S, and compare. 
A alight difference in tint should only result, which may 
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be reduced to equality in colouring by lowering one 
cylinder or the other, and the respective values found. It 
is well to remember that during the final coloration 
measurement both columns ought to be as near as possible 
of the same height, otherwise low or high results will 
ensue. There ought not to be more than zo cc. difference 
between the columns at most, and if more than this a 
little make-up water ought to be added. The point to 
remember is that the lead ought to be estimated at the 
actual concentration present in the water, and no dilution 
method ought to be used, but the estimation made with 
shorter, say 50 cc. cylinders, instead. 

Tht Colour Mtasur ament . — The tint estimations are 
made near a well-lighted window or by means of oil, gas, 
or electric light. A good white light is necessary. That 
from an ordinary cycle actylene lamp, or good oil lamp, 
are both satisfactory. Gas mantle jets also give good 
results. Metal filament and carbon film electric lamps 
require screening with oil paper, or sand blasted or opaque 
glass globes, otherwise reflection effects cause trouble. It 
is a great convenience to have a lamp which can be 
lowered, or moved towards the observer at will and where 
the candle-power can be increased if desired, or lessened. 
A good acetylene light or powerful oil lamp answers all 
requirements. Such a mode of illumination will be found 
most useful when the lead exceeds z part per zoo.ooo, as 
the density of tint may require powerful illumination unless 
dilution is resorted to. Again, when traces of lead are 
only present the illumination requires to be subdued. 

The test mixers or cylinders are covered with two or 
three folds of stout blotting paper, which are fixed with 
rubber bands, leaving the bottom uncovered. The 
cylinders must always be kept dry on outside, and the 
paper jacket also, otherwise reflection effects will 
obscure the reading. By using these paper jackets, 
brighter, stronger, and purer tints are obtained, which are 
essential for making a true colour comparison. Unless 
the cylinders are so screened, colour comparisons in the 
majority of waters become impossible, unless tintometers 
or colour meters are used. The paper jackets ought to be 
continued above the zoo cc. mark. 

The glasses are placed on the white tile and during colour 
comparison are raised about one to two inches, with the 
light adjusted to fall on the plate, and the candle-power 
increased according as the depth of tint increases. Under 
these conditions, z part Pb per 4 million parts may be 
detected and estimated with a 7-inch or zoo cc. column. 
This is equal to 0 025 part per 100,000 or o 0x75 grain 
Pb per gallon, which is the limit of the test. With 200 cc. 
or X4 inch columns z part Pb in 8 million parts may be 
detected, or 0*0x25 P**t P er 100,000, or 0*0067 grain per 
gallon, which is more sensitive than the chromate test. 

When the Pb present exceeds o 75 part per zoo, 000, on 
looking down the tube a semi black reflecting surface only 
is visible, which is almost opaque to ordinary daylight. 
At thi9 and greater Pb concentrations vertical colour com- 
parisons cannot be made with the full zoo cc. column. In 
such cases it is advisable to work with 50, 40, or 25 cc. 
columns, measuring on a vertical line of sight, or bettes 
still, to measure the tint on a horizontal line of sight right 
througbt the tube. In these cases the paper jackets must 
be dispensed with. Even when the Pb is present at the 
rate of 5 parts per zoo.ooo the horizontal method may be 
used, but using carbon estimation tubes in place of the 
cylinders. By this means the estimations may be conducted 
without resorting to dilution of the sample. 

Summary . — Due to the colouring matter in the water 
sample, and also its saline constituents and other unknown 
factors, no estimation of Pb in water by the HaS process 
can be considered satisfactory unless a sample of the lead- 
free sample water is used as standard. As previously 
stated, the reason of this is that different waters with the 
same Pb contents give with H a S variable intensity of tint, 
amounting in some cases to zoo per cent. When distilled 
water is used for the standard, the lead is likely to ba 
underestimated by 35 to 33 per cent at least, if not more. 
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THE SETTING OP CEMENT IN ITS RELATION 
TO ENGINEERING STRUCTURES. 

Bj t BERTRAM BLOUNT. 


Tub question of the setting of cements of all sorts has 
been a subject of investigation for many years, and except 
in the simple case of plaster of Paris remains unsettled. 
As there are many contributors to this discussion who have 
devoted great attention and much work to the endeavour 
to decide the troe causes of setting, and as at this meeting 
they will formulate their views, I propose to deal chiefly 
with the practical aspect as it appears to the engineer. 

Before doing this, however, 1 should like to say a word 
or two on the present state of the theory of the subject. 

In the first place the term cement is elastic, and it is 
wrong to suppose that colloids like casein should be 
excluded. Their behaviour may throw light on the 
mechanism of setting of more important cements. Next 
how is one to define setting ? Generally it involves 
hydration, but is the induration doe to loss of water, as in 
the case of clay, to be excloded ? I take it that, broadly, 
setting does not connote hydration, and with this narrower 
definition we must be content. Taking the typical case of 
plaster of Paris, it has been established that a super' 
saturated solution is formed, that interlocking crystals are 
deposited from it, and that the released water passes on to 
perform the same function with adjacent particles. This 
naturally leads to a consideration of whether strontiom 
sulphate and barium sulphate set in the same way. The 
low solubility of bo.h, especially the latter, would seem at 
first glance to negative the supposition, but as both are 
found crystalline in nature the question is not superfluous. 
Coming to industrial cements 01 the Portland cement class 
the question is much more difficult. I am not aware that 
any definite proof has been given that the constituents of 
Portlant cement form supersaturated solutions and set in 
the manner accepted as true for plaster of Paris. A fair 
indication of this is found in the fact that there are two 
schools of thought concerning setting, the one crystalline, 
the other colloidal. I profess myself strongly neutral, as 
evidence on each side appears inconclusive, but it may 
well be that in this discussion the whole matter will be 
cleared up by those who have had more recent oppor 
tunnies of experiment than I. 

Such theoretical considerations lie at the very root of 
the matter, and when they have been determined will be 
as complete a guide to practice as the principles of 
mechan ics are to the design of a bridge. Until this end 
has been accomplished we must be content with humbler 
empirical methods. 

As setting is a gradual process there is no such thing in 
reality as a setting point or setting time. But in practice 
it is convenient to fix an arbitrary condition which is ceiled 
the M setting point,” and to call the time occupied in 
reaching this condition the 44 setting time.” With minor 
cements, such as those of the plaster of Paris class, it is 
oot usual to define the condition or the time rigidly. It is 
ally sufficient to recognise that ordinary plaster of 
M goes off” quickly and needs rapid haodling, and 
that other calcium sulphate cements setting more slowly 
can be manipulated in a more leisurely way and require a 
considerable time to harden. With the more important 
cements, of which Portland cement is the chief instance, 
something less rough and ready is required. In conse- 
quence numerous methods have been devised and put into 
tentative use. One of the most mechanically attractive 
was that of my friend Prof. John Goodman, who in 1887,00 
far as I remember, constructed s machine consisting of a 
metal trough on which ran a loaded roller pulled by clock- 
work and having a central fin. The trough was filled with 
cement and the ends of the roller rolled on the edges of 


* A contribution to a General DUcewioa on M Tbe S string of 
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the trough with the fin dipping in the plastic cement. As 
the cement set, and the roadbed became harder, the fio 
with its roller was gradually lifted upwards and eventually 
rode on the surface of the set cement. The rate and time 
of setting were automatically recorded on a diagram 
drawn by a pencil passing through the centre of the roller. 
Certainly a neat idea, but the difficulty common to all 
methods of determining setting time came in. There was 
no definite point of time when the fin on the roller costed 
to make an impression, and thus the accuracy aimed at 
by this ingenious machine was greater than the nature 
of the material allowed. I hope that Prof. Goodman 
will correct me if I am wrong, aa I write from memory. 

In practice the only apparatus of any value for deter- 
mining tfie setting time of cement is the Vicat needle— 
or one of its modifications, such as the British standard 
needle formerly used — which is too well known to need 
description. By simple means of this kind cements can 
be classified quite as closely as their nature allows, having 
regard to the fact that the setting of cement is not like the 
setting point of a metal— and that too is a progeeaive 
phenomenon - but a gradual process. 

Even with this modest standard of attainment the de- 
termination of the setting point of cement is beset with 
pitfalls. Cement is scarcely ever used neat, and yet its 
setting point is invariably determined neat, and I for one 
see no means of using any other method. The best that 
can be hoped for is that a cement with a given setting time 
will behave with some sort of relation thereto when it is 
made into mortar or coocrete. But consider the difficulties 
here. An ordinary Portland cement will require about 
22| per cent of water to make a plastic mass. When 
mixed with standard sand in the proportion of 1:3 it will 
need about 10 per cent of water, reckoned on the mixture, 
in order to make a plastic mass, i.#., roughly double the 
amount used when it is neat. The mechanism of setting 
will be very different under these different conditions, but 
there is more than that. The aggregate, sand, stories, 
and the like, will be mechanically in the way of progres- 
sive hydration ; that, however, is a trifle compared with 
the thermal effect. The setting of cement generates beat, 
which in large masses and with quick-setting cements may 
cause a considerable rise in temperature. Indeed, the 
method of measuring rise of temperature has been sug- 
gested as a mode of determining the setting time— chiefly 
in Germany. Anything more luoatic is difficult to con- 
ceive. Where the cement is alow setting and the propor- 
tion of aggregate is considerable, say 6 or 8 to 1, aei t 
generally is, the rise of temperature is not Urge unless the 
cement is so unsound that it contains what is conveniently 
termed 14 free lime.” That idea may be dismissed with 
regard to cement made under modern conditions. What 
is of more moment is the influence of temperature 00 the 
rate of setting of cement. If the temperature U high the 
rate of setting is correspondingly high and may be too high 
lor satisfactory construction. 

Cements used in Madras at a tropical temperature and 
in winter in Canada, obviously are being employed under 
very different conditions, and it is the business of the 
cement manufacturer to provide a suitable material which 
shall act not as it does in a temperate climate, but in the 
place and under the conditions of actual use ; he must be 
a little proleptic. I admit that the task U a hard one ; 

K oleptical tasks mostly are, but that the difficulties can 
1 overcome is shown pretty clearly by results. When 
not only ordinary concrete but ferro-coocrete has to be 
considered, the difficulties with regard to setting increase 
rapidly. 

A 30-ton block may be made for harbour work and 
allowed to lie in the yard for six months, and if it does 
not set hard at once no one is much the worse, provided 
that the cement and aggregate are of good quality. 

With ferro-coocrete the matter is different. A reason- 
able time must be allowed for such things as piles, as 
they are not pot immediately to ose and may Its in the 
yard, hot the ordinary ferro-concrete structure is mono- 
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ithic, and the engineer tesponsible for the structure must 
know the aeriod necessary for proper setting. 

To suoi up this part of the question of setting of cement 
in general, it appears to me — to put extant knowledge in 
the shortest way — that little is known about the mechanism 
of setting, save in the esse of plaster of Paris ; that the 
most important cement, Portland cement, is tested for 
setting time neat and is never used neat, and that there 
is no quantitative relation between its setting time neat 
and its setting time in concrete. The conclusion naturally 
follows that much earnest and . thoughtful work must be 
done before we can arrive at anythin* which can be 
accepted generally as proved, not by authority, or as it 
were of faith, but proved . 


THE SETTING AND HARDENING OF 
PORTLAND CEMENT* 

By G. A. RANKIN (Creighton, U.S.A.). 

In order to understand thoroughly the nature of the setting 
and hardening of Portland cement, it is essential that one 
first consider the reactions which result when each of the 
constituent compounds is finely powdered and mixed with 
water, and also the effect which the admixture of the 
various constituents has on the nature of these reactions. 
While there is still much to be learned as to the chemistry 
of these reactions, sufficient data on the hydration of the 
individual major constituents have been obtained to enable 
us to account for the gradual hardening and increase in 
strength of Portland cement and to indicate the relative 
value of the constituents as cementing materials. 

A statement concerning this matter, based on data 
obtained at the Geophysical Laboratory in Washington 
and the Bureau of Standards in Pittsburgh, is contained 
in the following pages. In this, brief mention will first be 
made as to the constitution of Portland cement clinker, 
after which the hydration of the constituents will be dis- 
cussed. In conclusion, a general statement concerning 
the setting and hardening of Portland cement will be 
presented. 

Portland cement clinker is the result of chemical com- 
bination of the three oxides, lime, alumina, and silica ; but 
besideg these three — which are the essential components 
— two others, namely magnesia and ferric oxide, always 
occur to some extent in commercial cement. The average 
of a large number of chemical analyses of American-made 
Portland cement shows that more than 90 per cent of an 
average Portland cement consists of the three oxides, lime, 
alumina, silica ; one would expect, therefore, that its 
properties are due mainly to the presence of the above 
three components, and the relatively small admixture of 
the other oxides exerts at most a wholly secondary in- 
fluence. Indeed, it has been shown that good Portland 
cement can be made from the three pure oxide, s lime, 
alumina, silica, in the proper proportions. 

In order to determine the nature and number of the 
compounds or constituents of Portland cement clinker 
made from the pure oxides, lime, alumina, and silica, a 
careful study of all possible mixtures of these three oxideB 
when fused was carried on at the Geophysical Laboratory. 
As a result of this study it was found that if such a pure 
Portland cement is perfectly burned it is made up of three 
constituents, namely, dicalcic silicate, tricalcic silicate, 
and tricalcic aluminate. If the clinker is not perfectly 
burned, that is, if the chemical reactions are not carried to 
completion, due to insufficient time or failure to attain a 
sufficiently high temperature, then two constituents other 
than the three already mentioned will be present. These 
two constituents are free lime and the compound 
5Ca0.3Al20 3 . 

Without giving in detail the nature of the chemical 

* A contribution to a General Discussion «>n “ The Setting of 
Cements and Plasters," held before the Faraday Society, January 74, 
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reactions which result in the formation of the constituents 
of Portland cement clinker, it may be well to state that 
of the silicates, dicalcic silicate is the first formed ; sub- 
sequently this compound unites with more lime in the 
formation of tricalcic silicate. This reaction takes place 
with great difficulty, due to the high temperature and 
length of time required. It is essential, however, that 
this reaction be carried practically to completion for the 
production of good cement, since the resulting compound 
tricalcic silicate is the essential constituent of Portland 
cement. Of the aluminates the compound 5Ca0.3Al a 03 is 
first formed. This compound subsequently unites with lime in 
the formation of tricalcic aluminate. While it is desirable 
that this reaction go to completion, it is not necessary for 
the production of a sound cement. However, the forma- 
tion of the tricalcic aluminate takes place with such 
readiness that the reaction between lime and the com- 
pound 5Ca0.3AlaC>3 is generally completed before the 
formation of the tricalcic silicate begins. 

The major constituents of Portland cement clinker made 
up only ot the oxides lime, alumina, and siiica, are, there- 
fore, the three compounds dicalcic silicate, tricalcic silicate, 
and tricalcic aluminate. The compound 5Ca0.3Ala0 3 and 
free lime are minor constituents. Each of these com- 
pounds has optical properties peculiar to itself which serve 
to distinguish it from the rest. The several characteristic 
optical and crystallographical properties were obtained by 
a study ot each compound by itself. These values are 
constants for the individual compounds in all mixtures 
made up from pure lime, alumina, and silica ; the 
final products resulting when such mixtures are heated are 
present as individuals of constant optical properties and 
not as solid solutions. 

Microscopical examination of commercial Portland 
cement clinker shows it to be made up largely (over 90 per 
cent) of the three compounds tricalcic silicate, dicalcic 
silicate, and tricalcic aluminate. Free lime and the com- 
pound 5Ca0.3Ala0 3 are occasionally present in sm«U 
percentages. As for the effect of the presence of mag- 
nesia and ferric oxide, small quantities of which are 
always present in commercial clinker, it would appear 
from the available data that the magnesia is taken up in 
solid solution by the dicalcic silicate ; while feiric oxide is 
present partly uncombined, in part it unites with lime to 
form 2Ca0.Fea0 3 , and it also is taken up in solid solution 
by dicalcic silicate and the compound 5CaO 3ALO3 to an 
extent sufficient to colour these compounds. 

Having thus briefly discussed the constitution of Port- 
land cement clinker, let us now consider the hydration of 
the constituents in the following order : Lime, 
5Ca0.3Al a 0 3 , tricalcic aluminate, dicalcic silicate, 
tricalcic silicate. 

Hydration of Lime .— The action of water on lime 
varies somewhat, depending on the temperature at which 
the lime has been burned. Ordinarily an amorphous 
hydrated material is first formed, which subsequently 
crystallises to lime hydrate. When lime occurs in a free 
state in Portland cement it is high burned, which, if not 
slowly hydrated by ageing or otherwise, will cause disin- 
tegration as the cement hardens. If the percentage of free 
lime in cement is relatively high, the action of water is 
vety violent, at times being of an explosive nature. 

Hydration of the Compound $CaO.$AliOy — When this 
compound is mixed without 30 per cent ot water it seta 
and hardens very rapidly. When moulded specimens are 
placed in either hot or cold water, however, they disinte- 
grate with great readiness. This is partly due to dissocia- 
tion, which takes place readily when an excessive percen- 
tage of water is present, and partly to the solubility of the 
5Ca0.3Ala0 3 . Microscopical examination of this com- 
pound when mixed with a large amount of water shows 
the rapid formation of an amorphous material about each 
individual grain. At times this amorphous material will 
in part crystallise. The available data would tend to show 
that the crystals thus formed are a hydatc of tricalqiq 
aluminate. 
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Hydration of the Compound TricaUic Alnminat 
When tricalcic alaminate it mixed with water it seta and 
hardens rapidly, and while moulded specimens when placed 
in water remain sound, they develop hot little strength, 
are rather soft, and comparatively soluble in water. 

Microscopical examination of this compound when 
hydrated shows the formation of an amorphoas material 
which at times will completely crystallise. This would 
tend to prove the crystalline material is a hydrate of 
tricalcram laminate. 

Tki Hydration of Dicalcic Silicate.— Ythm dicalcic 
silicate is mixed with water the action is exceedingly slow, 
and it is only after a long period of time, a matter of 
several months, that a moulded' specimen when placed in 
water will develop any considerable strength. The speci- 
men remains sound, however, and is not readily soluble. 

Microscopical examination of dicalcic silicate which has 
been shaken for a considerable time with an excess of 
water shows the formation of a coating of amorphous 
material on the individual grains. It would not appear 
that this action results in the formation of any hydrated 
calcium silicate. The amorphous material shows no ten- 
dency to crystallise, except that lime which leaches out 
forms a crystalline hydrate of lime. This leaching out of 
the lime from the amorphous hydrated dicalcic silicate is 
apparently a process which will continue until amorphous 
silica alone remains, if a sufficient quantity of water is 
present for the solution of the lime. 

When mixed with the other constituents of Portland 
cement clinker and shaken with water, the hydration of 
dicalcic silicate is not affected except in the case of tricalcic 
alaminate, when the rate of formation of amorphoas 
material on the grains of dicalcic silicate is materially 
increased. This is undoubtedly due to the fact that 
dicalcic silicate is more readily soluble in a solution 
saturated with the alaminate, which is itself so readily 
soluble in water. 

Hydration of TricaUic Silicate . — When this compound 
is mixed with water it set* and hardens rather rapidly. 
Moulded specimens when placed in water remain sound, 
and within a reasonable time develop a strength com- 
parable to that of the best of Portland cements. 

Microscopical examination of hydrated tricalcic silicate 
shows that an amorphous material is formed similar to 
hydrated dicalcic silicate. The rate at which this amor- 
phous material is formed in the case of tricalcic silicate is, 
how e v er , much greater, as is also the rate at which lime 
can be leached from amorphous tricalcic silicate than is 
the case with amorphous dicalcic silicate. In either case 
it does not appear that any definite hydrated calcic silicate 
is formed, since it is possible to leach or dissolve out the 
lime, leaving amorphous silica behind from the amorphous 
material formed from both silicates. 

When tricalcic silicate is mixed with the various other : 
constituents of cements in water, it does not appear that the 
rate of formation of amorphous tricalcic silicate is affected. 

Prom this description of the action of water on the con 
stitoents of Portland cement, it will be seen that the 
setting and hardening of Portland cement involve the 
formation of an amorphous hydrated material which sub- 
sequently partially crystallises; that the initial set is 
probably due to the hydration of tricalcic alaminate ; that 
the hardness and cohesive strength at first are due to the 
cementing action of the amorphous material produced by 
the alaminate and of tricalcic silicate; and that the 
gradual increase in strength is due to farther hydration of 
these two compounds, together with the hydration of 
dicalcic silicate. 

Of the three compounds which thus take part in the 
setting and hardening of Portland cement, the tricalcic 
silicate appears the best cementing constituent ; that is. 
this com p o und is the only one of the three which when 
mixed with water will set and harden within a reasonable 
time to form a mass which in hardness and strength is 
comparable to Portland cement. The compound dicalcic 
silicate requires too long a time to set and harden in order 


to be in itself a valuable cementing material. The com- 
pound tricalcic alaminate, while it sets and hardens 
rapidly, is rather soloble in water and is not particularly 
durable or strong. 

From this it would appear that the compound tricalcic 
silicate is the essential constituent of Portland cement. 
In other words, it is tricalcic silicate which imparts to 
Portland cement its valuable cementing properties. 

In this connection it is interesting to compare the nature 
of the setting and hardening of tricalcic silicate with ao 
ideal cement which M. Vicat worked out theoretically 
about one hundred years ago. 

M. Vicat, who carried on a very interesting series of 
experiments in regard to the hardening of cements and 
plasters, seemed to believe that the lime in cement mortar 
should be in a state of chemical combination, and that it 
were best that it should be so combined with gelatinous 
silica. 

When tricalcic silicate is mixed with water to form a 
mortar, a gelatinous material is formed which is composed 
of hydrous lime and silica. Whether the lime and silica 
continue to be chemically combined, or whether the 
gelatinous material is colloidal, is still a matter of some 
uncertainty, although it would appear that this material is 
colloidal. 

The similarity between Vicat's theoretical cement and 
tricalcic silicate is thus apparent. 

The basis for Vicat ’s theoretical reasoning was undoubt- 
edly derived from his observations on the action of 
hydrated lime when ground with water and ponolana, a 
material which contains over 40 per cent silica, with 
smaller percentages of alumina, magnesia, ferric oxide, 
and alkalis. This mixture, commonly known as Roman 
cement mortar, it would now appear, sets and hardens io 
much the same manner as tricalcic silicate ; in the case of 
Roman cement the formation of the gelatinous material, 
which subsequently hardens, being doe to the action of 
lime water on the pozxolana. This action, however, is 
exceedingly slow, and it requires a much longer time for 
the completion of the hardening in Roman cement mortar 
than in mortar containing tricalcic silicate. This is un- 
doubtedly due to the nature of the chemical combinations 
of silica in pozxolana, which react with water much less 
readily to form gelatinous silica than is the case of the 
silica combined in tricalcic silicate. This circumstance, 
that gelatinous silicate is released with such readiness when 
tricalcic silicate, is mixed with water, is probably the 
reason why this compound is such a valuable cementing 
material. Without discussing at length the nature of the 
cementing value of gelatinous silica, it may be well to 
state that it seems probable that certain of the toughest 
sandstones (ideal concrete structures) are made up of 
grains of sand originally cemented together with gelatinous 
silica which was gradually deposited from solution on to 
the grains of sand and subsequently hsrdened. 

This foregoing discussion, which tends to prove that 
gelatinous silica is the most essential constituent of a 
cement mortar, is somewhat speculative. Rven so, such 
speculation is desirable, doe to the fact that by formulating 
advance theories as to the probable outcome of an inves- 
tigation one may sooner attain the end. 

Let us now consider certain poesibilities which might 
increase the percentage of gelatinous silica in cement 
mortars. We know at the start in such an investigation 
that tricalcic silicate is probably the only compound con- 
taining silica in combination in such a manner that it is 
readily released to form a thin coating of gelatinous silica 
when mixed with water to form a mortar. Therefore, 
un il some other compound is discovered in which the 
silica is combined in such a way that it is more readily 
available in the gelatinous state, the best way to increase 
its percentage in cement mortars is to increase the per- 
centage of tricalcic silicate in cement clinker. At the 
present time an average Portland cement contains about 
30 to 35 per cent of this compoond. To increase this 
percentage is a matter of considerable difficulty. 
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Pore' tcicalcic silicate is formed by combination of lime 
and silica at a temperature of 1700° C., which is too high 
for industrial practice. In order that this compound form 
readily and at a sufficiently low temperature to become a 
commercial possibility, it is essential that some low- 
melting flux be present to facilitate the combination of 
lime and silica to form tricalcic silicate. At present this 
this flux is to a large extent furnished by the low-melting 
calcium illuminates and the small amount of iron oxide 
and magnesia present in the clinker. 

Cements have been made in which the ferric oxide or 
magnesia has been increased in percentage up to 7 or 8, 
ana while there has been no notable increase in the per- 
centage of tricalcic silicate, these cements are sound and 
of good strength. The iron cement in particular has been 
found very useful, since it resists the action of sea water 
much better than ordinary Portland cement. The reason 
for this is undoubtedly due to the formation of some 
chemical combination of the iron oxide with the calcium 
aluminates which resists the soluble and disintegrating 
action of sea water. While the nature of this chemical 
combination is uncertain, it is known that the pure 
aluminates, particularly the compound 5Ca0.3Ala03 when 
burned with about 5 per cent of iron oxide, produce a 
clinker which when ground and mixed with water is sound 
and of good strength. A pat of this material, even when 
subjected to the action of steam for a long period of time, 
shows no sign of disintegrating. 

To return to a consideration of the possibility of pro- 
ducing a cement containing a higher percentage of readily 
hydrated silica than Portland cement now does, it would 
not appear that it is commercially possible to increase the 
percentage of tricalcic silicate in order to attain this end. 
There is, however,* at least one other possibility, which 
may be more practical. This involves the attempt to 
readily release hydrous silica from some compound con- 
taining a higher percentage of silica than the compound 
tricalcic silicate. This seems not unreasonable, since it 
will be remembered that dicalcic silicate, while it is prac- 
tically inactive towards pore water, is quite appreciably 
hydrated in a solution of the calcium aluminates. It may 
be that some other solution or electrolyte will be found 
which will release hydrated silica from this compound as 
readily as water now releases it from tricalcic silicate. 

In conclusion, let us recapitulate the main points con- 
tained in this paper. The value of Portland cement 
depends upon the fact that when finely powdered and 
mixed with water an amorphous gelatinous-like material is 
formed on the individual grains cementing them together. 
This amorphous material results from the major con- 
stituents, tricalcic silicate, dicalcic silicate, and tricalcic 
aluminate. Of these constituents, the compound tricalcic 
silicate is the one which hardens and develops the greatest 
strength within a reasonable time. This is due to the 
gelatinous hydrated silica which is readily released when 
this compound, in a finely powdered state, is mixed with 
water. This most important constituent, which is the 
one which formed with the greatest difficulty, makes up 
about 30 to 35 per cent of an average normal Portland 
cement. It may be said, therefore, that the essential pro- 
cess for the manufacture of Portland cement is the forma- 
tion of this compound, and that any improvement in this , 
process yielding an increased percentage of tricalcic silicate 
will increase the cementing value of Portland cement. The 
increase of the percentage of the tricalcic silicate does not 
appear economically or practically possible, however, at 
the present time. A more feasible plan of attack for im- 
proving the durability of cements would appear to be an 
attempt to release hydrous silica from some compound 
such as dicalcic silicate, which contains a higher percentage 
of silica than tricalcic silicate, by the dissolving action of 
some suitable electrolyte. Investigation along these lines 
may ultimately result in the discovery of a cement which 
will enable us to prepare a concrete closely approaching 
the ideal : grains of sand cemented together with hydrous 
filicate— the toughest of sandstones. 


CaaiucAL Naws 
Feb. 1. 1918 

THE VISCOSITY OF BLAST - FURNACE SLAG 

AND ITS RELATION TO IRON METALLURGY, 
INCLUDING A DESCRIPTION OF 

A NEW METHOD OF MEASURING SLAG 
VISCOSITY AT HIGH TEMPERATURES.* 

By ALEXANDER L. FBILD, B A., II. S. (North Carolina). 
Asaiatant Metallurgist, United States Bureau of Mines, Pittsburgh, Pa. 

(Continued from p. 41). 

The T emferature • viscosi ty Relations of Graded Series 
of Synthetic Slags . 

The only satisfactory method of studying the temperature- 
viscosity relations of blast-furnace slags and the effect of 
the different constituents on the viscosity is the determina- 
tion of such relations for a graded series of synthetic 
slags in which one constituent is gradually replaced by 
another. 

Investigations of this kind are now in progress in these 
laboratories. The results of this work are to be published 
as a Bureau of Mines Technical Paper. 

To illustrate the experimental results which are being 
obtained, there is shown in Fig. 1 {frox .) the tempera tor e- 
viscosity relations of a synthetic slag containing 48 per 
cent lime (curve a), and of a synthetic slag of the same 
composition except that 20 per cent of the lime has been 
replaced by an equal percentage by weight of magnesia 
(curve b). 

The Literature on Slag Viscosity . 

The viscosity of blast-furnace slag had not been 
measured previous to the investigation described in this 
report. A number of investigators have determined the 
11 fusibility,” or softening temperature, of slags by means 
of the cone method or other deformation method, but 
these methods supply only limited information regarding 
the temperature- viscosity relations of the slag in question. 
Any deformation method that may be employed indicates 
only the temperature at which the slag attains a more 
or less definite viscosity, the magnitude of the value 
obtained depending on the method used. The cone 
method was first carefully applied to the study of slags by 
Boudouard (55). 

Fulton (56) has determined the melting-points of a aeries 
of copper slags by means of the thermal method of the 
Geophysical Laboratory. Such melting-points correspond 
to that temperature at which the slag passes entirely from 
the crystalline to the amorphous state, and have no direct 
relation with the viscosity of the melt. Fulton obtained 
an idea of the temperature at which the slag became fluid 
by stirring the melt with a heavy platinum rod. Ihe 
melting-point temperature was much lower than the 
“ fluidity ” temperature, the difference between these two 
temperatures being extremely variable. An apparatus, 
consisting essentially of a graphite crucible with an 
elongated orifice in the base has been devised by Johnson 
(57) for determining the “dripping "-point of slags. This 
device has also been used by Guess and Lathe (58). 

The customary methods of viscosity measurement have 
been very slowly applied to measurements at high tem- 
peratures, owing to experimental difficulties. In 1917 
Lorens and Kalmus (59), and Goodwin and Mailey (60) 
measured the viscosity of a number of molten salts of the 
alkali metals, lead and silver, by means of the capillary flow 
method up to temperatures of 500—600° C. Greiner (61), 
working with a modified Tammann apparatus, measured 
during this same year the viscosity of sodium and potassium 
silicates, and of mixtures of these silicates with alumina, 
magnesia, lime, and ferrous oxide, up to temperatures as 
high as Z2oo° C. Measurements, howevei, were referred 
to the viscosity of fused sodium ortho-silicate as a standard 
of comparison, and hence the absolute magnitude of his 
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observations is not known. In 1908 Fswsitt (6a) employed | 
ibe method of Coulomb (63) to determine the viscosity of | 
mercury op to 216° C., and ot sodium nitrate up to 450° C. 
In the same year Arndt (64) measured the viscosity of 
boric anhydride, sodium metapbosphate, and mixtures of 
the two at temperatures at 700— iioo 0 C., by observing 
the time of fall of a platinum cylinder within the molten 
substance. Such a method it suitable for extremely viscous 
Squids only, and could be applied with difficulty to blast- 
furnace slags at working temperatures. Arndt also 
measured the viscosity of glass by this method at tem- 
peratures at 1050-1x30° C. Doelter (65) in 19x3 
applied the metnod of Arndt to the determination of 
the viscosity of a synthetic diopside containing 5*02 
per cent of ferrous oxide. A latge temperature coeffi- 
cient of viscosity was noted, the viscosity at 1300° C. 
being five times that of castor oil. This isolated 
measurement by Doelter on a single mixture represents the 
highest temperature reached in the vaiious viscosity in- 
vestigations previous to those described in this report, in 
which results have been referred to absolute units. 
Arbitrary deformation tests have, of course, been made at 
much higher temperatures. 

Theory 0] tht Method Employed . 

In these investigations the author has used a modification 
of the method originated by Margules (66) in 1881. In 
this method the liquid is confined between two concentric 
cylinders. The outer cylinder is routed at a constant 
speed, and the torque exerted upon the inner cylinder is 
measured. The method is applicable to liquids of a wide 
range of viscosity, and has been used with modifications 
by Gurney (67) in the accurate measurement of the 
viscosity of water. The principle of the method is used 
in the Stormer and Clark viscosimeters, which find appli- 
cation in the physical testing of petroleum, oils, lubricanu, 
and clay slips, although the existence of a friction couple 
for which correction cannot be well made renders this type 
ot apparatus relatively inaccurate. Recent types of viscosi- 
meters, such as those of Carmichael and Grosvenor (68) 
and of Kottmann (69), which are designed for purposes 
similar to those of the Stormer apparatus, adhere more 
closely to the original idea of Margules in that the error 
due to friction is absent. In 1913 Hatscbek (70) used the 
method for determining the viscosity of emulsions, 
emulsoids, and sols, and secured some extremely interesting 
experimental result*. 

The principle of the method employed by the author is 
therefore not a new one. The torsion method, however, 
had not hitherto been employed at all for measurements 
of viscosity at temperatures higher than are generally 
used in testing oils, &c. ; i.r., about 250° C. Quite 
paradoxically it appears to be the only method of measure- 
ment which is possible experimentally over a wide range 
of temperature and of viscosity, and for this reason may 
be called a quite universal method. In applying the 
method to temperatures as high is 1600° €., which is 
about 400° C. higher than the property of viscosity had 
been hitherto measured by means ot any method, certain 
modifications in the construction of the apparatus were 
necessary, which alone made possible the attainment of a 
relatively great accuracy under the rather severe experi- 
mental conditions. These modifications consisted in the 
use of Acheson graphite in the construction of all parts 
of the apparatus subjected to high temperatures, and in 
the use of a system ot damping the suspended system so 
as to give to it the stability and apeiiodicity characteristic 
of the familiar damped D’Arsonval galvanometer. It is 
the opinion of the author that the use of this method of 
damping in the case of the recent type of viscosimeter 
described by Carmichael and Grosvenor would make i 
applicable to measurements on much more viscous liquids 
than is possible without such an addition to the apparatus. 

The present modification of the method of Margules 
has been applied wituoot difficulty to measurements on 
flags over a rangs of viscosity from 200 to 3000 (H a O at 


20’ C. — x). It is certain, however, that the method is 
applicable over a much wider range of viscosity than 
ibi, (71). 

Experimental data derived by means of the torsion 
method are capable of an easy direct mathematical inter- 
pretation, in which respect it has a great advantage over 
other methods such as that of Segal (72), in which the fall 
of a metal rod within a hollow cylinder^ is measured, the 
space between being filled with the viscous substance. 
Toe method of Arndt approaches more closely the condi- 
tions imposed by the ose of Stokes’s law governing the 
fall of a sphere in a viscous medium ; but even here the 
interpretation of results is dependent on an assumption, 
which, however, is probably entirely permissible under the 
given experimental conditions. 

In the torsion method the outer cylinder is rotated 
about a vertical axis at a constant speed. The inner 
cylinder is suspended coaxially withio the outer one by 
means of a steel or phosphor-bronze ribbon. The space 
between them is filled with the liquid, whose coefficient 
of viscosity may be designated as f . In may be shown 
(73) by means of the equation of Navier and the equation 
oi continuity that a cylinder of radius 6, rotating with a 
constant angular velocity, <*, will exert upon an inner fixed 
concentric cylinder of radius « (the space between them 
being filled with the liquid), a couple r, given by the 
relation — 


r-4T*L 


IP* - a* 


w. 


where L is the common length of the two cylinders and 
the effect due to the ends is disregarded, and • and h are 
the radii of the inner and outer cylinders respectively. It 
is at once evident that with cylinders of fixed dimensions 
the velocity is proportional to the torsion couple f and 
inversely proportional to the speed of rotation in revolu- 
tions per second. Conversely, the torsion couple is pro- 
portional to the speed of rotation and also proportional to 
the viscosity. In the present experiments the observed 
end effect, or torsion couple arising from the shear exerted 
by the end surfaces, amounted to 23 per cent of the total 
effect. This end effect was determined by the ose of two 
inner cylinders of equal diameter but of different lengths 
(5 08 and 270 centimetres). An appreciable fraction of the 
end effect was obviously caused by the immersed part of 
the cylindrical shaft supporting the inner cylinder. On 
account of the experimental conditions at high tempera- 
tures it was not possible to ose a supporting shaft of very 
small diameter, such as is easily possible at lower tempera- 
tures. As is shown later, the torsion couple, inclusive of 
the end effect, is proportional to the speed of rotation and 
also to the viscosity of the liquid over a considerable range 
of speed and viscosity ; so that the error arising from the 
end effect was probably within other known experimental 
errors. Hence it was not necessary to apply any correc- 
tion for variations of end effect for different viscosities 
of the liquid slag. 

The theoretical conditions are, among other things, 
that the cylinders are concentric, and that the conditions 
about the ends — tbas is, the depth of slag and relative 
position of surfaces — is the same in every case. Couette 
(74) in early experiments with this method has shown that 
in this case, as in others where the magnitude of a physical 
effect depends on the relative posit 00 of nearly concentric 
cylinders, a slight eccentricity produces an error relatively 
much smaller. Gurney (75) found that in the case of 
measurements with water as the liquid and with an inner 
cylinder of 4*5 cm. radius, a displacement of x mm. 
from the centra! axis of the outer cylinder caused an error 
which was inappreciable. He remarks:— Any departure 
from a truly circular cross section in the cylinders, or any 
tilting or lack of concentricity would cause an apparent 
increase in if. since the ideal case is the case of minimum 
deflection. The actual case may also differ slightly from 
the ideal in other ways, and the tendency would usually 
be to increase the apparent valve of if.” In the expert 
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menu described'herein it is probable that the eccentricity 
of the inner cylinder did not exceed i mm., although an 
eccentricity of this magnitude was sometimes noted, 
without any appreciable effect on the observed deflection. 

Probable Effect of Surface Slip . — Twenty -three years 
after the pioneer work of Poiseuille (1842), in establishing 
the laws of internal friction in fluids, Helmholtx and 
Piotrowski (76) concluded from certain experiments, in 
which a sphere full of a liquid was allowed to oscillate, 
that there exit ted at least in some cases a 14 slip** at the 
boundary plane between solid and liquid. Whetham (77), 
however, twenty-five years later, obtained convincing 
evidence from experiments with a silvered capillary that 
there was no “slip” for such liquids as were used by 
Helmholtx and Piotrowski. He attributed their results 
to an insufficient recognition of the effects of temperature 
and to an inconstancy in the bifilar suspension used. 
Whetham’s conclusions have found substantial support 
from the later researches of Mutxel (78), 1891, Drew (79). 
1901, Arnold (80), ign, and Zemplen and Pogany (81), 
19x6. In general, it seems that the more sensitive the 
experimental method the smaller the possible value of the 
11 slip ” coefficient becomes. 

I Margules (82) has derived an expression for the torsion 
couple exerted upon the inner cylinder which takes into 
account the existence of a surface 44 slip.” j It is — 


r s* 4T17L — 

27 





where 7 is the 44 slip ” coefficient or 44 Gleitungskoefficient.” 
When 7 is equal to zero, the expression reduces to that 
previously given— 

T a^b 1 

tr - 4 -^l b — - * 


derived on the assumption that there is no slip between 
the solid and the liquid at the boundary plane. 

In the present investigations the magnitude of the slip 
has not been determined, but has been assumed to be 
equal to xero in the case of the low rates of shear em- 
ployed — about 1 revolution per second. 
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THE ORES OF COPPER, LEAD, GOLD, AND 
SILVER. 

By CHARLES H. FULTON. 

(Continued from p. 27). 4 

Classification of Ores Proper. 

The ore classification mentioned above follows. 

Copper Ores (may contain gold and silver). — 

x. Ores Containing Metallic Copper.— Example : Ke- 
weenaw Peninsula, Michigan. Native copper in altered 
amygdaloidal basic lava and interbedded conglomerates. 
The ores are concentrated and the metallic copper con- 
centrate obtained is smelted. 

2. Ores Containing Iron and Copper Sulphides, and the 
minerals which are formed by their oxidation . — Divisible 
into three sub-classes, as follows : — 

(a) Massive iron sulphides, pyrite and pyrrhotite, and 
copper sulphides. Smelted direct. Examples : Duck- 
town, Tenn. ; Shasta County, Cal. ; Mount Lyell, Tax- 
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mania ; Yak mines, Lead v ills, Colo. ; Rio Tinto, Spain ; 
Sudbury, Canada. 

( b ) Copper and iron sulphide minerals, or the oxidised 
minerals derived from them, intermixed with a large amount 
of ganglia minerals. Usually in normal fissuie veins or in 
impregnations. Smelted direct, or concentrated and 
smelted. Oxidised ores may be treated by leaching. 
Examples : Butte, Mont. ; Bingham. Utah ; Bisbee, Aris. 

(c) topper and iron sulphide minerals or oxidised copper 
minerals, disseminated in small grains throughout eruptive 
or metamorphic rack* (so called porphyry ores). Con- 
centrated and smelted. Oxidised ores may be subjected 
to a leaching process Examples : Bingham, Utah ; Ely, 
Nev. ; Santa Rita, N. Mex. ; near Globe, Ariz. 

Or $s Containing Lead and Copper . — 

Lead and copper minerals, usually some zinc blende and 
iron sulphide with the gangue minerals, in fissure veins or 
in impregnations. Frequently contain considerable gold 
and silver. Concentrated and smelted, or smelted direct. 
Examples: Silverton, Colo.; Park City, Utah; George- 
town, Colo. 

Load Ora (may contain zinc minerials). — 

z. Ores Commercially free from Precious Metal.— Lead 
as galena, usually disseminated throughout limestone. 
Oxidised lead minerals subordinate. Concentrated and 
smelted. Example : Southeastern, Missouri. 

a. Ores Containing Precious Metal.— Two sub-classes, 
aa follows : — 

(а) Chiefly sulphides of iron and lead, or the oxidised 
minerals derived from them. Smelted direct. Example : 
Leadville, Colo. 

(б) Galena, and other sulphides, with gangue minerals 
in fissure veins or in impregnated deposits. Smelted direct 
or concentrated and smelted. Examples : Coeur d'Alene, 
Idaho ; Aspen, Colo. 

Ores Containing Lead and Zinc . — 

i. Ores Commercially free jrom Precious Metals . — 
Galena and sphalerite, in large bodies or disseminated in 
grains through limestone. Concentrated and separated 
into lead and zinc products, each product smelted 
separately. Example : Joplin district, Mo. 

a. Ores Containing Precious Afrfa/i.— Galena and 
sphalerite, and minerals derived by their oxidation ; cither 
in veins or similar impregnated deposits or as large masses. 
Smelted direct or concentrated and separated into lead 
and zinc products that are smelted separately. Example : 
Broken Hill, Australia ; Creede, Colo. ; Park City, Utah. 
Gold Ores (contain silver, but its vaioe is subordinate 
to that of the gold).— 

i. Ores Containing M Free ” Gold and Gold closely Asso- 
ciated with Sulphides. — Divisible into three sob-clasees, 
as follows: — 

(а) Gold content largely "free” and recoverable by 
amalgamation. Gangue chiefly quarts, or siliceous rocks ; 
iron sulphides or sulpbo- arsenides present not exceeding 
about 6 per cent of tbe ore by weight. Treated by 
amalgamation, followed by concentration or cyanidation, 
or both. Examples: Homcstake, S. Dak.; Douglas 
Island, Alaska ; Rand mines, Sooth Africa ; Grass Valley, 
Cal. 

(б) Gold free in part, bot chiefly associated closely with 
iron sulphide minerals. Sulphides, mainly those ol iron, 
may be present in considerable amount. Gangue siliceous. 
Treated by amalgamation, cyanidation, or by a combina- 
tion of these processes. Examples : Camp Bird mine, 
Ouray, Colo.; Mono Velhoe, Minas Geraes. Brszil. 

a. Ores Containing Gold in Chemical Combination (gold 
in tbe telloridcs, cslaverite, and sylvanite).— Some free 
gold may be present. Gangue siliceous. Iron sulphides 
may be present in considerable amount. Other sulphides 
in smaller amounts. Treated by cyanidation, or concen- 
tration, or both. Examples : Cripple Creek, CJo. : Gold- 
field, Nev. ; Kilgoorlie, Australia. 

Gold- Silver Ores . — 

Stiver and gold both present in considerable amount. 


Silver and gold may be preseot in complex mineral for.n- 
Gangue. largely quartz or siliceous rocks. Treated by 
cyanidation or concentration or by both methods. 
Examples : Liberty Bell, San Juan district, Colorado ; El 
Oro, Mexico. 

Silver Ores. — 

Main value in silver ; a little gold always preseot. 

(a) Silver in the form of native silver. Sulphides p res en t 
in small amount. Gangue, calcite, quartz, or siliceous 
rocks. Treated by concentration, amalgamation, cyani- 
dation, or all methods combined. Examples : Cobalt 
district. Canada; Batopilas, Mexico. 

( b ) Silver present mainly as argentite or as oxidised 
stiver minerals ; gangue, quarts, or siliceous rocks. Sul- 
phides in small amount. Treated by cyanidation, or 
cyanidation combined with concentration. Examples : 
Palmarejo mines, Chilhuahua, Mexico ; Pacboca. Mexico. 

(t) Silver present in complex silver minerals such as 
proustite, pyrargyrite, tetrahedrite, with some argentite 
and native silver. Other solpbides, as galena, stibnite, 
and pyrite, present in small quantities ; gangue, lime- 
stone, quartz, or siliceous rocks. Treated by cyanidation 
snd concentration combined, or by smelting. Examples : 
Parrel, Mexico; Tonopah, Nev.; Guanajuato, Mexico; 
Aspen and Creede, Colo. 

Descriptions of Classified Ore Types. 

Following are more detailed descriptions of tbe ore types 
given in the classification : — 

Ores Containing Metallic Copper . 

Michigan. — The copper in the Michigan ores occurs 
crystallised in part, but chiefly as massive copper, forming 
casts and fillings in the conglomerates, replacing both the 
original pebbles (of felsitic porphyrite) and the matrix, 
and in the amygdaloid lavas (diabase), filling tbe amygdalae 
or openings formerly occupied by entrapped gases. The ore 
or " copper rock ” is crushed, and the copper conce trated 
into small bulk, the product being known locally as 
M mineral. " This mineral contains on the average 6o to 
75 per cent copper, with an admixture of some of the 
heavier gangue silicate minerals of the ore, and is smelted 
and refined into pure copper. The copper contents of tbe 
ores as mined range from 075 to 150 per cent, or from 
14 to 30 pounds of copper per ton. In 1914 the copper 
produced from these ores amoonted to 158,009.748 pounds 
—about 10*1 per cent of the United States production. 

Massive Iron Sulphides and Copper Sulphides. 

Ducktown , Venn. — The Ducktown ore occurs in lens- 
shaped bodies in schists, and consists essentially of 
pyrrhotite and pyrite, which constitute 60 to 75 per cent 
of the ore. Calcite, quartz, actinolite, tremolite, zoisite, 
pyroxene, garnet, felspar, and chlorite are gangue 
minerals. Small amounts of chalcopyrite, zinc blende, 
and bornite are present. The copper content of the ore 
averages about 195 per cent. A typical chemical analysis 
is as follows :— Copper, 197 per cent; sulphor, 237 per 
cent ; silica, 2 19 per cent ; iron, 32 6 per cent ; alumina, 

3 6 per cent ; lime, 5 8 per cent ; magnesia, 1*9 per cent. 

The copper is recovered by pyritic smelting. In this 

process the mineral condition of the iron snd silica is im- 
portant, and one of the difficulties of metallurgical treat- 
ment in the district arises from the fact that a large part 
of the silica in the ores is already combined in silicate 
minerals. This district produced in 1914 18,661,112 
pounds of copper, or 1*19 per cent of the United States 
production. 

Shasta County , Cal.— The ore of the Mammoth and 
Iron Mountain mines are chiefly massive Fyrite, with some 
chalcopyrite, a little bornite and sphalerite, and some 
quartz. The ores have the following analysis Copper, 

4 06 per cent ; silica, 12 4 per cent ; iron, 35*4 per cent ; 
zinc. 4 2 per cent ; sulphur, 42 7 per cent ; alumina. 3*8 
per cent ; lead, 0*087 P* r cent ; gold, o oja oonce per 
ton ; silver, 2*26 ounces per too. 
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Other ores in the district ere similer, hot contain some- 
what smaller amounts of pyrite, less copper, more 
sphalerite, and more silicate minerals. The analysis of 
Balaklala ore is as follows : — Copper, 27 per cent ; silica, 
25*8 per cent ; iron, 30*3 per cent ; lamina, 4*1 per cent ; 
sulphur, 37*5 per cent ; gold and silver, 90 cents per ton. 
Bally Hill ore contains considerably more sphalerite and 
chalcocite, as well as chalcopyrite, some barite, and 
silicates of alumina, and more gold and silver. An average 
analysis shows 20 per cent sulphur, 23 per cent silica, and 
4 per cent copper. 

The ores of the district are treated chiefly by pyritic 
smelting, siliceous ore for the smelting mixture being 
obtained from local sources, from Idaho, and from Gold- 
field and Tonopah, Nev. 

Mount Lyell , Tasmania. — The Tasmanian ores are of 
two types, Mount Lyell and North Mount Lyell, which 
are mixed in such proportion as to make a suitable furnace 
mixture. 

Mount Lyell ore consists in the main of crystalline 
cupriferous pyrite, small amounts of tetrahedrite and 
chalcopyrite, a little sphalerite, mixed with a small amount 
of quarts and barite. The copper content varies, ranging 
from 4*5 per cent down to 0*75 per cent. A typical average 
analysis is — Iron, 42*02 per cent; silica, 2*12 per cent: 
alumina, 1*87 per cent ; lead, 0 65 per cent ; sine, 1*30 per 
cent ; sulphur, 48 77 per cent ; arsenic, 0*30 per cent ; 
copper, 0*73 per cent ; about 2*5 ounces of silver and 
0*08 ounce of gold pe r ton. 

North Mount Lyell ore has quartsite and slate as gangue 
rocks, through which are disseminated the copper minerals, 
chiefly bornite and some chalcocite and chalcopyrite, and 
small amounts of pyrite. A typical average analysis is — 
Silics, 66*6 per cent ; iron, 6*80 per cent ; alumina, 7*50 
per cent *, copper, 6*47 per cent ; silver, i*8p ounces per 
ton ; and gold, 0 01 ounce per ton. 

Leadville , Colo. — The ores from the Yak mines, Lead- 
ville, consist chiefly of crystalline granular cupriferous 
pyrite, mixed with an appreciable amount of spalerite, 
small amounts of chalcopyrite, galena, quarts, calcite, 
and kaolin. The average composition of the ores is as 
follows:— Iron, 33 to 44 per cent; sulphur, 38 to 45 per 
cent ; alumina and silica, 4 to 20 per cent ; sine, 4 to 8 
per cent ; copper, 0*5 to 3*5 per cent ; lead, up to 0 5 per 
cent ; silver, 2 to 8 ounces per ton. The Yak ores are 
mixed in proper proportion with highly siliceous ores, 
which usually contain precious metal, and are smelted by 
pyritic smelting or are roasted and used for their iron con- 
tent as flux in lead smelting. 

Rio Tinto, Spain (H. F. Collins, “ Pyrites Deposit of 
Huelva,” Mining Mag ., 1911, v., 121). — The ore bodies 
are segregated masses of sulphides in slates and schists 
associated with eruptive rocks. The ores consist essentially 
of cupriferous pyrite, the copper occurring mainly as 
chalcopyrite, chalcocite, and covellite. The amount of 
gangue minerals, such as quartz, calcite, and dolomite is 
very small. The sulphur content of the ore is 45 to 48 per 
cent, pure pyrite containing 53*3 per cent sulphur. The 
copper and the sulphur contents of the ore vary, the 
average copper content being about 2*5 per cent. Ores 
below 2 per cent copper are sold for the manufacture of 
sulphuric acid. The copper from the higher grade ores is 
extracted by both leaching and smelting methods. 

Sudbury , Canada. - The ores consist chiefly of pyrrhotite, 
through which is disseminated varying amounts of pent- 
landite (NiFe)S, a nickel- iron sulphide, and a consider- 
able amount of chalcopyrite. Some pyrite is also present. 
The gangue consists in the main of the inclosing rocks of 
the ore body, norite, and of chlorite schist, and in places 
of quartzite. An average analysis of the ores is— Silica, 
io*io per cent; iron, 44*68 per cent; alumina, 6*85 per 
cent; lime, i*iq per cent; magnesia, 1*14 per cent; sul 
phur, 27*48 per cent ; copper, 1 77 per cent ; nickel, 5 62 
per cent. 

The ores are first roasted to expel sulphur and to oxidise 
the larger part of the iron, and then smelted in the blast 


furnace and in the reverberatory furnace. Pyritic smelting 
has been tried with these ores, but has not succeeded, 
owing probably to the fact that the silica in the gangue is 
nearly all combined in silicates. 

(To be continued). 


PROCEEDINGS OF SOCIETIES- 


SOCIETY OF GLASS TECHNOLOGY. 
Ordinary Muting , January 16, 1918. 


Mr. Williams Thomas in the Chair. 


The following papers were read :— 

u The Durability of Heavy Lead Potash 1 lass . 99 By 
J- D. Cauwood, M.Sc., W. E. S. Turner, D.Sc., and 
Duncan Webb. 

Prior to 1870 large quantities of lead glasses were used 
for chemical ware. Nowadays lead in chemical ware it 
practically non-existent, only one glass out of many used 
for this purpose gave signs of containing lead on analysis. 
The authors have carried out durability tests on certain 
glasses containing a high percentage of lead to find how 
far they were resistant to the action of solvents. A sum- 
mary of the results of workers in the past was given, and 
it was found by most of these workers that lead glasses 
were highly resistant to water and acids and fairly 
resistant to the action of alkalis. 

The two glasses tested were supplied by Mr. Duncan 
Webb. One, a window glass made in 1845, *®d which, 
although it had been exposed to weathering conditions for 
more than fifty years showedj no diminution in brilliancy, 
had the following analysis : — 

Percent. 


SiO a . 
PbO. 
K a 0 . 
Al 2 0) 

c*o. 

BaO*. 


471 

41-2 

8*3 

o*6 

r*3 

1*2 


The other glass was a tumbler made in the early fifties, 
and which also had lost none of its brilliancy. It had the 
following percentage composition : — 


SiOa . 
PbO. 
K a O . 
AljOj 
CaO. 


547 
28 0 
167 
o*6 
Trace 


Five tests in all were applied, namely (1) Boiling hydro- 
chloric acid, (2) 2/N sodium carbonate, (3) a/N caustic 
soda, (4) boiling water, (5) water under pressure (auto- 
clave). The results obtained were as follows : — 

1. Boiling Acid.— The two lead glasses were superior 
to any of the modern chemical ware glasses, being far 
superior to Jena. 

2. Sodium Carbonate .— The lead glasses were slightly 
inferior to the best modern chemical ware. 

3. Caustic Soda.— The lead glasses showed slight 
inferiority. 

4. Autoclave Test .— The window glass was superior and 
the tumbler inferior to modern chemical ware. 

5. Boiling Water .— Both lead glasses were equal in be- 
haviour to the chemical ware. 

In each case actual results were quoted. 

It is obvious from these results that lead glasses are 
quite satisfactory from the point of view of both weathering 
and the attack of reagents. 

“Notes on the Annealing of Glass. 9 * By S. English, 
M.Sc., and W. E. S. Turner, D.Sc. 

Investigations bad been carried out on two particular 
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glum by a special method which was described, and it 
was found that 620° C. was the temperature at which the 
strain rapidly disappeared from one glass, 460° C. for the 
other. Lantern slides illustrative of the method used were 
shown as well as corves showing results. The effect of 
temperature on annealing was also investigated. Thus in 
the case of one glass, annealing was completed in six and 
a half hours at 400° C., in two and a half hours at 425° C.» 
arid in twelve minutes at 450° C. 

As the method outlined was a laboratory one involving 
expensive apparatus, a more simple method involving the 
measurement of bending of rods of glass has been worked 
out. It was found that the temperatorc at which a glass 
•bowed rapid bending without actual softening coi re- 
sponded to the actual annealing temperature. The method 
could be applied, and in fact had been introduced into 
works practice. When a particular type of glass was 
placed in the lear a road was made from it and also placed 
in the lear, resting on a brick. This rod was about 4 feet 
long and 7 mm. diameter. When the bending at the 
ends was only half an inch the annealing was unsatis- 
factory and the ware 11 fled if the rod bent until it 
touched the floor of the lear the annealing was again un- 
satisfactory, as all the wear was “ melted." Satisfactory 
annealing was attained by a bending at the ends of about 
one inch. 

Various types of cooling corves were discussed, and it 
was shown that the best cooling curve in a lear was a 
sinuous curve. 


“ Am Account of a New Blowpipe with Pre-keated Oar." 
By W. A. Whatmough, B.Sc., A.I.C. 

The actual working of the instrument was shown, and 
its construction explained. 

*• A New Variable yet Blowpipe ." By S. English, 
M.Sc. 

As in the previous paper the instrument was shown in 
actual use. 

Prior to the meeting visits were made by parties of 
members to the works of— (1) Messrs. Stevens and 
Williams, Brierley Hill ; (a) Messrs. Thomas Webb, 
Ltd., Stourbridge ; (3) Messrs. Webb and Corbett, Ltd., 
Stourbridge. 

The thanks of the Society are doe to these firms for 
their kindness, which was highly appreciated by the 
visitors. 

The next meeting of the Society will be held at Sheffield 
on Wednesday, February 20, 1918. 


NOTICES OF BOOKS. 


PrimcipUt of Quemtiteaioe Analysis . By Waltbb C. 

Blasdalb, Pn.D. Second Edition, Revised and En- 
larged. London : Constable and Co., Ltd. 1917. 

Pp. xii+402. Price roe. 6d. net. 

This book is well suited for the use of older students of 
chemistry who require a fairly advanced treatise on quanti- 
tative analysis, mdoding volumetric, gravimetric, and 
physico-chemical processes. It is a book which will be 
fouod even more useful out of than in the laboratory, for 
the theories involved in analytical work are particularly 
thoroughly explained, and the student who uses it is 
required to do a considerable amount of careful reading. 
The introductory chapters deal with the nature and pro- 
perties of solutions, the factors which determine equili- 
brium, methods of producing and applying heat, &c. Each 
section of the practical part opens with a general account 
of the theory of the processes grouped together, and in 
the descriptions of the practical work the systematic plan 
is adopted of first discussing the facts upon which the 
nmh ftj is based, then describing the procedure, and finally 
gi v ing questions and problems on it. Special attention is 


paid to sources of error, and many practical problems are 
given. In the second edition some parts have been 
expanded where expeiience has shown that it is desirable, 
and answers to many of the more complicated numerical 
problems have been added. 


OBITUARY. 


JOHN SCUDAMORE SELLON. 

Mb. Sbllon, whose death at the age of eighty-one took 
place on the 18th instant, in London, was born in 1836, 
fifth son of Capt. William Baker Sc lion, R.N. At an early 
age be joined the well-known business house of Johnson, 
Matthey, & Co., Assayers and Refiners to the Bank of 
England and Royal Mint, Metallurgists, Ac., founded by 
his uncle, Percival Norton Johnson, in 1822. 

He played a prominent part in the researches and indus- 
trial developments connected with the platinum and other 
groups of rarer metals, with which the name of his firm 
is closely associated ; indeed, the now numerous and im- 
portant commercial applications of platinum and its allied 
metals may be said to be chiefly doe to the initiative and 
efforts of himself and his co-workers, George and Edward 
Matthey. 

During the concluding quarter of last century he also 
took an active share, both in the fields of technical dis- 
covery and industrial development, in the then new sphere 
of electrical engineering, and was associated with Faure, 
Brush, Swan, Lane-Fox, Volckmar, and others in their 
early work on electric lighting and storage. 

He married in 1858 Fanny Maria, daughter of Captain 
Thomas Alexander Souter, 44th Regiment, who survives 
him. 


CHEMC1AL NOTICES FROM FOREIGN 
SOURCES. 


Note.— A ll degress of temperature are Centigrade unless otherwise 
expressed. 

Comptes Rendus Hebdomadmres des Stances de VAcadhnie 
del Sciences. Vol. clxv., No. 20, November 12, 1917. 
This number contains no chemical matter. 

No. 21, November 19, 1917. 

Pyrogenous Decomposition of Methyl Alcohol at 
a High Temperature.— Eglantine Peytral.— When a 
rapid current of methyl alcohol vapour is passed through 
a platinum tube nested to about 1150° the primary pro- 
ducts are formaldehyde and hydrogen, according to the 
equation CH 3 OH - HCHO+ H a . The formaldehyde sub- 
sequently decomposes to give carbon monoxide and hydro- 
gen, KCHO-CO + Hj. 

No. 22, November 26, 1917. 

Manufacture of Silica Bricks.— H. le Chatelier and 
B. Bogitch. — Silica bricks were made from different pro- 
portions of large quarts grains (4 mm.), fine quarts grains 
(0*1 mm.), or impalpable powder (o*oi mm.), and their 
resistance to crushing was determined. It was found that 
the substitution of fine quarts for the impalpable powder 
very considerably reduced the resistance to crushing 
measured at 1600°. 7$ per cent of crude quarts to 25 per 
cent of the impalpable powder and 2 per cent of lime gave 
the best results. The resistance to crushing measured at 
1600° and when cold do not agree. 
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Meetings for the Week. 


MISCELLANEOUS. 

Nan-adhesivity and the Dropping of Berries.— 
Surface tension, the unequal evaporation of several liquids, 
and surface condensation on solids can explain the 
dropping of berries. By gelatinising celluloid, acetic acid, 
alcohol, and ether to no further visible evaporation, at 
normal temperature and in a wide-mouthed bottle in which 
some locust berries are shaken, it will be found that they 
do not adhere permanently, but drop after a minute or so 
to the bottom of the bottle. The conditions of adhesion 
are neither those of that of plane surfaces or perfect 
vacuum, but a continuity of surface tension conditions 
and of condensation.- J. C. Thomlinson, B.Sc. 

Society of Chemical Industry (London Section.) — 
The next meeting has been arranged as a meeting of 
London chemists held under the auspices of the Section 
to consider and discuss the proposed formation of a 
British Association of Chemists. The meeting will be 
held at the rooms of the Royal Society of Arts, John 
Street, Adelphi, W.C., on Monday, February 4th, 1918, 
at 7.30 p.m. Steps have been taken in Manchester, Bir- 
mingham, Liverpool, and other centres, towards the for- 
mation of a British Association of Chemists, and it is 
accordingly considered desirable that an opportunity should 
be arranged for London chemists to discuss the proposal. 
It is hoped that representatives of the promoters of the 
proposed association and of the Institute of Chemistry 
will attend the meeting. As it is desired to make the 
meeting as representative as possible, and as it is difficult 
to communicate directly with all chemists in the London 
district, I shall be glad if you will kindly inform any 
chemists who are not members of the Society that the 
committee of the section will welcome their attendance at 
the meeting. — Stephen Miall, Hon. Secretary, 28, 
Belslze Grove, Hampstead, N.W.3. 


NOTES AND QUERIES, 

Solutions Exhaling Oxygen.— Can any reader furnish informa- 
tion regarding the following The names of two common substances 
which when dissolved in water exhale oxygen ; or two substances 
which inhale oxygen and exhale it into water?— R. B. 


MEETINGS FOR THE WEEK 

Monday, 4th.— Royal Society of Arts, 4.30. (Cantor Lecture). 

“High Temperature Processes and Products," by 
C. R. Darling. 

Royal Institution, 5. (General Meeting). 

Tuesday, 5th.— Royal Institution. 3. “ Problems of British Anthrop- 
ology," by Prof. Arthur Keith. 

_ — Royal Society of Arts, 4.30. “ The Industrial Re- 

sources of South Africa," hy C. du P. Ceiappini. 

Rdntgen Society, 8.15. “ Simple means of obtaining 

' Static Currents ' from an Induction Coil," by Dr. 
G. B. Batten. "A Mobile Shock Apparatus," by 
T. E. Burnside. 

Institution of Civil Engineers, 5.30. "The West 

Quay of Madras Harbour," by Hon. Sir Francis J. 
E. Spring and H. H. Gordon Mitchell. 
Wednesday, 6th.— Royal Society of Arts, 4.30. " The Development 

of the Mineral Resources of the Empire," by 
Prof. W. Frechtville. 

Society of Public Analvsts, 5. (Annual General 

Meeting). "A Modified Acetic Acid Reagent 
for Valenta Tests," by A. E. Parkes. “ Oiticica 
Oil - a New Drying Oil," by E. R. Bolton and 
C. Revis. 

Thuesday, 7th.— Royal Institution, q. “ Illusions of the Atmosphere 
the Travelling vortex and the Cyclonic Depres- 
sion," by Sir Napier Shaw. 

Royal Society. “ Photo-elec* ric Action of X-Rays," 

by O. W. Richardson. "The Parent of Actinium," 
by F. Soddy and J. A. Cranston. " Absorption 
of the Radiation emitted by a Palladium Anti- 
cathode in Rhodium, Palladium, and Silver," by 
E- A. Owen. 

Fkiday. 8 th— Royal Institution, 5-30. “Science and Ethics," by 
Principal E. H. G'iffiths. 

Saturday, nth.— Royal Institution, 3. " The Ethics of the War," by 

M. P. H. Loyson. 


j Chemical News, 
t Feb. 1, 1918 

spO comply with Regulation 8 (*) of the Defence of the Realm 
Act, advertisements from firms whose business consists 
wholly or mainly in Engineering, Shipbuilding, or the production 
of Munitions of War, or of substances required for the production 
thereof, must include the words " No person resident more than 
ten miles away or already engaged on Government work will be 
engaged." 


A Chinese Graduate, B.Sc. (London Umver- 

, »»ty), seeks Position as Chemist, either in Analytics! or Manu- 

facturing work.— Write, Y. T. C .Care of 2, Kingston House, Fortean 
Rosa, Kentish Town, London, N.W. 5. 


ANALYTICAL CHEMIST.— Required for 

1 * routine work on Alloy Steels, smart Junior Assistant. No 
person already ou Government work will be engaged.— Apply, your 
nearest Employment Exchange, mentioning No. A 4515. 


f^hemist, intelligent, elderly, at present em- 

, ployed in large Government Steel and Copper Works in Russia, 
seeks employment in this country. — Messrs. Symonds and Macdonald, 
Writers, Dumfries, N.B., will furnish all particulara. 


f'ement Works Chemist wanted for India. 

7 Liberal terms to capable man.— Write, stating experience and 
salary required, to ** Cement," care of Street's, 30, Cornhill, London, 
E.C. 3. 


OHEMIST. — Wanted at once, qualified man 

y* with knowledge of Analysis of Paints, Oils, Varnishes, and 
General Stores. Some knowledge of Mineral Oils an advantage, bat 
n ?'.* Mcntial : £a«>.per annum offered to suitable man of Technical 
ability. — Write, stating grade of medical category, and exact nature of 
protection (if an>) exempting from Military service, “ Z.F. 023," care 
of Deacons Advertising Offices, 7, Leaden ball Street, E.C. 3. 


Required immediately. Two Works Chemists 

for alternate and day k night work Cor Factory engaged on 
national work. Capacity to manage men essential.— Address, ** K. *," 
Chemical News Office, 16, Newcastle Street, Farrincdon Street, 
London, E.C. 4. 


\A7 anted (London), fully qualified Metallurgical 

V Chemist. Experienced in the Analysis of Ores and Minerals, 
and preferably with some works experience. Also Junior.— State 
salary required to E. S. L., care of Deacon s, Leadenhall Street, 
London, E.C. 3. 


\Af anted in Government Factory, Metallurgical 

. * Chemist able to control Pyrometers, including standardise* 

tion ana upkeep, with thorough knowledge of Photomicrography of 
Steel and Non-ferrous Alloys and general routine of M tollurgy. No 
person already engaged on Government work need apply.— Call your 
nearest Employment Exchange and quote No. A 4533. 


\A/anted, DRY GOODS TO GRIND (no 

v * High Colour or Acid goods) ; Water Power ; Motor Trans- 
port; near Manchester. Enquiries invited— Thom petone, Prestbury. 
Cheshire. 


\\J anted, “ MEMORIALS OF THE GOOD- 

.. WIN SANDS," by Mr. Gattie. — Address, W. S., Chemical 
News Office, 16, Newcastle Street, Farringdon Street, London, E.C. 4. 


JOURNALS WANTED. 

SOCIETY OF CHEMICAL INDUSTRY JOURNAL, wt: also Vol. , 
or No. i (1882., or run including. OH MIOAL SOCIETY OF LON- 
DON, Memoirs and Journal, set or any portions of 1841 70. IRON 
*!!?A T A BL „ , ? 8 .T , * UTB JOURNAL^,, or .kL 7 7, $8 (" a" 
QUARTERLY JOURNAL HIOROSCohoAL SOlfeNOe, NcaT i*, 
* 33 * * 39 » *46, M 7 , 140, 150; £1 each offered, or buy run including 
L 5 IL j?,? 2 l H J, C f L “AGAzAs, 188,, 1888, 1891 or^un Un TEXTILE 
ME GURY, Vols. 1-32 (1889-1903). TEXTILE RBOO IDEE set 

T K\ T it5ifA?VT P f 0TUR ®*' * ot * fbrfumery and ESSENTIAL 

vILS RECORD, Vols. 1 to 8. 

JOHN WHBLDOH A GO., 88, Gt. Qaoen 8 treat, London, W.C. S. 
Telephone — Gerrsrd 1412. 


M l C A T No^b‘ 

■ ° Avenue. 

F. WIGGINS ft SONS, 102/3/4, Minories, London, B. 

MICA MERCHANTS, 

Manufacturers of Mica Oooda for Electrical and ALL pnrpotot. 

Contractors to His Majesty's Government^ 
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THE CHEMICAL NEWS 

Vol. CXVII., No. 3037. 


ANCIENT AND MODERN MORTAR.* 

By W. J. DIBDIN, P.I.C., F.C.S. 

The comparison between ancient and modem moctars 
p resen ts many points oi interest* amongst which may be 
more particularly mentioned the quantity of lime need in 
proportion to aggregate* the character of the aggregate, 
and the presence of clay. The quantity of soluble silica 
in some mortars has been quoted as proof of the action of 
the lime on the flint in the aggregate, but as will be seen 
later on, this is entirely fallacious. The strength of certain 
old mortars has been quoted as if the users possessed 
m e tho ds the art of which has been lost, but there is no 
•videoce that such is the case, as properly compounded 
m od er n mortars will within a reasonable time possess 
str ength equal to the best old samples obtainable. 

The work carried out by the author for the Science Com- 
mittee of the Royal Institute of British Architects during 
the years 1907-8-9-10. following a paper read by him before 
that Institute in December, 1906, on “ The Composition 
and Strength of Mortars,” brought to light many points 
which bad hitherto been but vaguely dealt with. 

An important point is that relating to the quantity of 
lima used. It appears a simple statement to say to “ x to 
3,” is., ooe volume of lime to three of sand. In practice 
this appears to have been read in different ways. In some 
in sta n c es the volume of lime is measured as dry unslaked 
lime as received from the kiln. In others the lime has been 
first M dry-slaked,” and the required quantity taken from 
the powdery mass, which has a volume per unit weight of 
unaiaksd lime greater than that originally. In some cases 
the slaked lime is first made into a “ potty,” kept for a 
. tana, and then measured in that condition. For instance, 
io one case 1 cob. ft. of unslaked lime, after slaking, 
equalled 1*53 cob. ft., and in another the cubic foot was 
increa s ed to 1*77, whilst still greater variations have been 
observed. Hence all statements of proportions of lime 
to aggregate are generally given in terms of unslaktd 
Hum, and in stating the results of analyses of mortar the 
volume of lime is calculated from the percentage of pure 
CaO on the assumption that the original lime was com- 
parable to a commercial lime containing 80 per cent CaO, 
and multiplying the weight so found by 2}, to correct 
muight to oohtmi. This is necessary an arbitrary rule, but 
it is the only ooe available, and serves for practical pur- 
poses in the absence of definite information. The varia- 
tion in the qualities of various limes may be diagrammati- 
caUy shown thus — 



Proper Jfou of him # in Amount M or tor . — The analysis of 
a series of undent mortars collected for the purpose of the 
investigation above referred to, by members of the Royal 
Institute of British Architects and others, the results of 
which are given at length in the Report to the Science 
Committee of the Institute, showing that the volume of 


* A menlSulna to a Omni Diacoaaioa 00 ** The Setiog of 

I" —m u amt Piastres,** held bsfore the Faraday Society, January 14. 


aggregate to 1 volume of lime varied from 0*4 to 37, but 
in only four instances out of twenty-six was it more than 
2, the average of these being about x, as compared with' 
the modern practice of 3. The best results of a large 
number of mortars prepared for experimental purposes 
and kept two years before being tested for crushing and 
tensile strengths, showed, out of 13 samples, that xx con- 
tained 2*o to 2*5 of aggregate to x of lime. Unfortu- 
nately, tests with 1 to x were not made. It trill, therefore, 
be seen that in the matter of relative volume the undent 
mortars contained larger quantities of lime than is con- 
sidered permissible in modern practice. 

Noturt of thi Aggrtgotr . — Modern specifications of the 
aggregate to be used for mortsr generally state that this is 
tone “ clean, trashed sand, Ac. On turning to the results 
of the analyses of undent mortars of the twelfth and 
thirteenth centuries, and that of the London Wall, we find 
that the proportion of aggregate was not only less, but its 
character was largely that of gravelly sand with dean fer- 
ruginous clay, the quantity of the clay varying up to as 
much as 19*5 per cent of the aggregate. 

The samples of mortar from Allington Castle, early 
thirteenth century, collected by Mr. W. D. Caroe, 
F.R.I.B.A., were particularly interesting. The relative 
proportions of lime to sand, Ac., in three samples were 
1 to x*7, 1 to x*x, and x to 1*9, the observations of Mr. 
Caroe when sending them being respectively, M Very good 
indeed,” “ Not so good as A, but fair,” and M In fair con- 
dition.” The percentage of clean ferruginous clay was 
respectively 8*6, 3*66, and 4*0 per cent on the sand, 
which was fairly coarse, the* proportions of coarse sand 
retained on a f inch mesh being 20, 22, and 12 per cent 
respectively. The crushing strength of the first of the 
three samples was as high as 144 lbs. per cubic inch, and 
that of the second 90 lbs. Two other samples from the 
same building contained lime in the proportions of 1 to 1 
and 1 to 1*3 ; dean red day in the proportion of 4*5 and 
3*7 per cent of the aggregate, respectively ; the crushing 
strength being 162 lbs. and 194 lbs. per cubic inch respec- 
tively. 

Two samples of Roman mortar, vis., from the Pharos, 
Dover, and a Roman villa at Darenth, contained clean 
lime and broken brick only ; whilst another from ThrelfaO 
Castle, near Hythe, contained dean flint and pebbles for 
the aggregate. 

Thus we see that there was no systematic method in the 
preparation of these early mortars, evidently materials 
most conveniently obtainable being employed, preference, 
however, being given to dean ferruginous, clayey, gravelly 
sand when obtainable. 

As showing the character of some of the mortar used 
after the Fire of London a sample from Painters' Hall, 
Trinity Lane, is interesting. This was built by Sir 
Christopher Wreo, who evidently had little time to look 
after details. The sample was collected by Mr. H. D. 
Searles-Wood, F.R.I.B.A., and was found to contain lime 
and grit in the proportion of 1*0 to 0*5. There can be 
little doubt that a good proportion of this lime eras due to 
the use of old mortar. It was unequally mixed, and con- 
tained lumps of lime, some soft and some hard, the M sand 
and grit ” con s is ti ng of broken red brick and organic debris, 
evidently old rubbish from the ruins of the Fire, the 
“earthy matter,” clay, Ac., in the grit being no less than 
15*4 per cent. In this case the crushing strength was 
no lbs. per cubic inch. 

In comparison with these results we may now torn to 
the best results obtained with experimental samples of 
mortar made with known materials and in proportions of 
lime to aggregate varying from x to 2 op to 1 to 3, and 
tested after being kept for two years (Table I.). 

These results show distinctly the reason of the advan- 
tage gained by tbe early builders in fixing their ratio at 
about x to 2, and the use of a coarser aggregate, as we 
have seen. The modern rush after economy, by reducing 
the quantity of lime, is very largely responsible for tbe 
falling off in quality. 
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Table I. 


Lb. per 
Ratio. cub. in. 

White chalk lime gave the beat results with — 


Standard Leighton Buxsard sand . . 1 to 3 - 240 

Fine Charlton sand x „ 2 =» 300 

Pit sand x „ 2 - 247 

Thames sand 1 „ 2 - 297 

Ground brick I „ 3 = 312 

Dorking Ony stone lime gave the best results with — 
Standard Leighton Bnssard sand. . 1 „ 2 « 257 

Charlton fine sand x „ 5 - 180 

Pit sand 1 „ 2 - 333 

Thames sand 1 „ 2 - 243 

Ground brick 1 „ 3 - 162 

Blue Lias lime gave the best results with — 

Standard Leighton Busxard sand.. 1 „ 2 = 538 

Charlton fine sand 1 „ 2 = 257 

Pit sand 1 „ 3 - 650 

Thames sand 1 ,, 2 - 785 

Ground brick 1 „ 2 — 910 


With regard to the presence of clay in the “sand grit,” 
this has received attention. Unfortunately, the experi- 
ments were made with ratio of 1 to 3 in all cases, so the 
results do not compare with the foregoing, but as com- 
parable tests were made with and without the addition of 
5 per cent Red London clay they are not without interest 
(Table II.). 


Tablb II . — Ratio 1 to 3. Crushing Strength in lbs . per 
cubic inch . 


Without 

Clay. 

White chalk lime and— 

Standard sand 240 

Fine Charlton sand . . . . 260 

Pit sand •• 253 

Dorking Greystone lime and— 

Standard sand 228 

Fine Charlton sand . . . . 140 

Pit sand 200 

Blue Lias lime and— 

Standard sand 188 

Fine Charlton sand . . . . 156 

Pit sand 650 


With 5 per cent. 
London Clay. 

230 

70 

163 


177 

82 

140 


876 

79 

550 


From these results it will be seen that the use of clay 
when the proportion of matrix to aggregate is 1 to 3 is 
disadvantageous with white chalk lime and greystone lime, 
but with blue lias lime a marked improvement is obtained 
with the Standard sand. 

Under other conditions the use of clay is distinctly 
advantageous. For instance, greystone lime and Standard 
sand were used in varying proportions, and the blocks 
crushed at the end of one month, with the results given in 
Table III. 

Tablb III. — Crushing Strength in lbs . per cubic inch . 
Standard sand— 

Without clay, 5 vols., lime 1 vol - 42 

4. 2} per cent clay, 5 vols., lime 1 vol. . . - 74 

+ 5 percent clay, 5 vols., lime 1 vol. .. =128 

+ 7} P er cent clay, 5 vols., lime 1 vol. . . — 183 

4* xo per cent clay, 5 vols., lime x vol. . . — 176 

4- xo per cent clay, 2 vols., lime 1 vcl. . . « 223 

Lewisham fine sand and natural clay 3 vols., 

lime x vol - 154 

Lewisham fine sand washed free from clay 3 
vols., lime x vol - 33 

Voids in Aggregate. —An essential factor in regard to 
the strength of mortar is that relating to the voids, or 
empty apaces, between the particles. In the case of a 
mortar made with a sand having 40 per cent of voids the 


crushing strength was found to be only 70 lbs. per cubic 
inch, whilst with a sand having only 23 per cent of voids 
the crushing strength was 154 lbs. This explains why the 
proportion of lime, when used with coarse sand, should 
be in a greater ratio than 1 to 3, x to 2 giving far better 
results. 

The suggestion that soluble silicates are formed in the 
course of time is not borne out in the author's experience. 
As a test case, a mortar was made with pure lime and clean 
sand treated with hydrochloric acid and thoroughly 
washed. After twelve months it was carefully examined 
for soluble silica, when not a trace was present. The ex- 
amination of numerous samples of ancient mortar revealed 
the presence of no more soluble silica than is normally 
found in ordinary fresh-made mortar. For instance, the 
mortar from the Roman Wall, London, contained only 0*30 
per cent; those from Allington Wall, twelfth and 
thirteenth centuries, only X' 20 , 070, 1*00, 0*42, 0*84, and 
o*68 respectively, and that from the Pharos, Dover, only 
0*30 per cent. Certain cases are met with in which the 
soluble silica is much higher, as at Pembrey Castle, 
Caermarthen, thirteenth century, where the soluble silica 
was as much as 2 95 per cent, and the core of the old wall 
at Crosby Hall, where 3*8 per cent was found. Much 
higher results have been obtained, but in such instances 
the character of the mortar leads to the conclusion that 
trass or poztuolan, Ac., had been employed. 

The setting of mortar was ascribed by Graham to the 
fact that “ on drying the mortar binds the stones between 
which it is interposed, and its own particles cohere so as 
to form a hard mass solely by the attraction of aggrega- 
tion, for no chemical combination takes place between the 
lime and the sand, and the stones are simply united as 
two pieces of wood are by glue.” “ From the minute 
division of the silica and alumina in hydraulic mortar, 
their combination with lime is more likely to occur than 
in ordinary mortar. Still the fixing of the hydraulic 
mortar seems to be chiefly due to the fixation of the water 
and formation of a solid hydrate like gypsum.” This view 
entirely agrees with my own experiments, as recited 
shortly in the foregoing, and I have no doubt that the 
process of crystallisation acts largely in connection with 
the “ setting ” of mortar and cement, assisted by aggrega- 
tion. 


THE CONSTITUTION AND HYDRATION OF 
PORTLAND CEMENT.* 

By A. A. KLEIN (Worcester, Miss.). 

Portland cement may be defined as the product produced 
by pulverising to a sufficient and definite fineness the 
clinker obtained by an incomplete fusion of a finely ground 
intimate mixture containing essentially lime, silica, and 
alumina in certain definite proportions. Iron, magnesium, 
sodium and potassium oxides are present almost univer- 
sally in the product, although in the light of recent inves- 
tigations indications are that these are not at all essential. 

Constitution of Portland Cement. 

The M wbys and wherefores ” of cements have been the 
subject of research and speculation for over one hundred 
years. Even ‘ before Joseph Aspdin took out a patent on 
the hydraulic lime he called Portland cement, Vicot in 
France had started his important investigations on the 
relation of the chemical composition of the stone used as 
a raw material to the quality of the product derived, on 
the nature of the constituents produced on burning, and 
on the chemical and physical reactions involved when 
limes and cements set and harden with water. Although 
some of his deductions were proved erroneous by later in- 


* A contribution to a General Discussion on "The Sett inf of 
Cements and Plasters," held by the Faraday Society, January 14, 
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veetlgators, many of them are known to be trne. He 
became aware of the fact that the hardening of cement 
was unlike the hardening of lime in that carbonation of 
the lime present in cement was not essential to its harden- 
ing. He believed likewise that in hardened mortars at 
least some of the lime was in combination with other 
oxides besides water, and regarded silica as being the 
most important one. 

Little progress was made in cement investigation for 
many years alter Vicot, although improvement in grinding 
and horning really revolutionised the piodoct by lettering 
its quality and uniformity. Progress was made by M hit- 
and-miss** methods, since no information was forth- 
coming concerning the chemical reactions involved in the 
burning of the clinker and in the setting of the resultant 
cement. 

This was largely due to the inadequacy of purely 
chemical methods as a tool of research. A turning-point 
was reached when Tornebohm and Le Cbatclier, working 
practically simultaneously, employed the petrographic 
microscope to decipher the constituents of cement clinker 
and set cement. They were able to identify materials of 
different optical properties by examining thin sections. 
For instance, Tornebohm found four constituents which 
he called alite, belite, celite, and felite. Of these he con. 
sidersd alite the most hydraulic material, and responsible 
to a great degree, if not wholly, for the peculiar properties 
of cement. Neither Tornebohm nor Le Chatelier were 
clear as to the chemical nature of the products they 
found, nor is Tornebohm’s distinction between belite, 
celite, and felite very lucid. He observed that the amount 
of alite increased with an increasing lime content. Le 
Chatelier thought the compound he found which was 
identical with Tornebohm’s alite to be a mixture of tri- 
calcium silicate and tricalcium aluminate. 

The application of the polarising microscope proved an 
impetus to research on the constitution of cement, and 
there subsequently appeared several works and several 
conflicting opinions as to the nature of the minerals 
found, particularly alite. The reason for this is very 
apparent when one considers the qualitative petrographic 
methods used. Firstly, a thin section is practically useless 
io thoroughly distinguishing between these minerals. It 
is impossible to obtain a section mocb thinner than 0*03 
mm. even in the most favourable material. Let os now 
consider that Portland cement is obtained by a process of 
•inter tog and partial fusion, that quick cooling is practised 
to prevent dusting of the clinker, and that the orystets of 
the compounds themselves formed under the most favour- 
able conditions are very minute and poorly developed and 
rarely reach a few hundredths of a millimetre in length. 
With these facts in mind it is readily seen that in Portland 
cement practice the conditions for coarse crystallisation is 
ml, and it follows that owing to the fineness of crystalli- 
sation invariably there was overlapping and superimposing 
of crystallites above others in the thin sections, making 
the optical observations very indistinct. 

Another point, and one which is just as important, was 
the application of comparatively crude optical tests 
resulting in the obtaining of rough data. Most of the 
recent methods for obtaining more accurate quantitative 
optical constants of artificial products by microscopic 
methods involve immersed grains. Let os consider that 
important constant, index of refraction. It is impossible 
with a thin section to ascertain it more accurately than 
one in the first decimal place, whereas with immersed 
grains it may be obtained at least with Portland cement 
minerals to within an accuracy of 0 003. When one con- 
siders the slight optical distinction between tricalcium- 
silicate and tricalcium-aluminste, two compounds always 
present in cement, it requires little imagination to see why 
mixtures of them should have been regarded as homo- 
geneous. 

Accordingly, then, there were in general three types of 
theories concerning the active principle of cement: (1) 
That it m a solid mutual solutioo of various calcium 


silicates and calcium aluminates to which each investigator 
ascribed formulas ; (2) that it is a definite lime, sUiea v 
alumina compound ; and (3) that Portlaod cement is com- 
posed of separate silicates and aluminates some or ail of 
which are hydraulic. 

There was a time, even very recently, when the solid 
solution theory was most universally held, In Germany, 
Tornebohm, Michaelis, and Shott, among others, came to 
this conclusion, likewise Glasenapp, at Riga. Io the 
United States, Clifford Richardson (Cement, 1903, hr., 276) 
published the results of an exhaustive study, and concluded 
that the clinker consisted essentially of a solid s olutioo of 
tricalcium aluminate in tricalcium silicate. He later, 
however, admitted the error of his conclusions, due, of 
course, to the inability of older petrographic met hods to 
decipher extremely fine crystalline products. 

Of the investigations which appeared to prove the 
existence of a ternary compound occurring universally in 
cement, that of Ernest Ji necks was the most comprehen- 
sive and scientific (Zdt. Anorg. Chn., Ixiii., aoo ; hrxiv., 
428). The petrographic description of his su pp osed com- 
pound, 8CaO, Al a 0 3 , aSiOa, was very qualitative and 
meagre. The optical constants were not even approxi- 
mately determined, so that as a basis of comparison with 
constituents now known to be in cement this description 
was useless. At any rate, investigations at the Bureau of 
Standards and at the Geophysical Laboratory concerning 
the compound 8CaO, Al* 0 3t aSiOa have invariably shown 
that it does not exist, and that a melt of its co m po si tion 
generally crystallises as 3CaO, SiOs, aCaO, StO*. and 
3 Ca 0 .Al a 0 3 . 

Finally, of the investigations which led to the conclu- 
sion that cement is composed of separate silicates and 
aluminates, that of the Geophysical Laboratory 00 the 
binary systems CaO-SiO*. CaO— AJ*Oj, Al*Oj— - SiO* 
and on the ternary system CaO— SiO a — Al« 0 3 has 
done most to unravel this problem. In the prelimi- 
nary report on the ternary system the constituents of the 
clinker were enumerated as follows (Joum. /ad. Eng. 
Ckfm ., iii., 1) : — 

** Portland cement clinker within the concentration 
limits set by Richardson when in equilibrium may exist io 
the following combinations depending primarily upon 
relatively small changes in the quantity of lime prssoot : 

I. CaO 3CaO.SiO s 3CaO.Al*O s 

II. 3CaO SiO a 2CaO.SiO a 3CaO Al a Ot 

III. iCsO.StOa 3CaO.AI a Oj jCa 0 . 3 Al t Oj. 

IV. 2CaO.SiO a 5Cs0.3Al a 0 3 CsO.AI a 0 3 

V. aCaO.StOs 2 Ca 0 .Al a 0 3 SiO a CaO.AI a 0 3 

M Richardson's typical cement corresponds to class II.” 
Furthermore, “ If solid solutions are formed, they are very 
limited in extent, and are not sufficient to affect the optical 
properties of either silicate, the lime, or the aluminate.* 9 

Shortly after this report appeared the Bureau of Stan- 
dards began an investigation of the constitution of 
cement, using the optical methods employed at the 
Geophysical Laboratory for deciphering the constituents. 
Raw material mixtures which gave clinkers of various 
diversified chemical compositions were made and studied. 
Many of these were outside the limits used in cement 
practice. Different series of clinkers were produced 
in which, considering MgO with CaO and Fsg 0 3 with 
Al a 0 3 . one oxide was approximately constant and the 
other two varied (“ Concrete-Cement Age,** p. 3, 

January, 1913). Practically all the predictions of the 
Geophysical Laboratory were verified. Portlaod cement 
within the composition limits considered good practice was 
found to be a mixture of d aCaO, SiO a . 3CaO.SiO*, and 
3Ca0.Al a 0 3 . Of the three, $ 2CaO.SiO a occurs in the 
greatest amounts. CsO does not occur except in under- 
burned clinker, and the presence of 5Ca0.3Alf0 3 may 
result from underburning or from raw material mixture 
low in lime and high in alumina. Class I., as given in the 
Geophysical Laboratory report, was never found in tbs 
cements even of highest lime content, and it wee die- 
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covered that a material of each a composition mast be 
homed at high temperatures which could not be econo- 
mically produced. Furthermore, later investigation on 
the hydration of cement established the undesirability of 
the presence of free lime in the finished product. 

Class II. is typically good cement. The constituents of 
class III. were found in abnormally low-limed cements. 
In all cases of cements of this type ” dusting of the clinker ” 
was a serious and frequent occurrence, and oftentimes the 
yield of nndnsted clinker was very small. The setting of 
cements of this class was generally erratic, and the 
strengths below normal. Classes IV. and V. were never 
found in Portland cement. 

The phenomena occurring when a mixture of class II. 
is heated is given in a later work by Rankin {Voun. 
Franklin Institute , June, 1916). Although bis observa- 
tions were made only on the pure oxides, they apply to 
the burning of Portland cement, except that owing to the 
presence of Fea 0 3 , MgO, Ns a O, and K a O in the latter 
the eutectic temperatures are noticeably lower. Rankin 
save : “ For this purpose, let us follow the reactions which 
take place when a mixture whose composition is CaO 68*4 
per cent, A 1 2 0 3 8*0 per cent, and SiO a 23*6 per cent, is 
slowly heated. This mixture, made up only of the pure 
oxides lime, alumina, and silica, when properly burned will 
produce a good Portland cement. When such a mixture 
is heated, the first change is the evolution of the CO* ; 
the lime then unites with the other components to form 
the compounds 5Ca0.3Al 2 0 3 and aCaO.SiOa probably in 
the order named, since the former has a lower melting- 
point than the latter ; subsequently these two compounds 
unite in part with more lime, and the compounds 
3Ca0.Ala0 3 and 3CaO.SiO a appear. This formation of 
the last two compounds, a process which goes on very 
slowly in mixtures of their own composition, is materially 
facilitated bv the circumstance that in the ternary mixtures 
a portion of the charge has already melted and promotes 
reaction by acting as a flux or solvent. The temperature 
at which this flux first appears is 1335° C., the eutectic 
temperature for the three compounds 2CaO.SiOa, 
5CaO 3Al a 0 3 , and ^CaO.Al a 0 3 . As the temperature of 
burning gradually rises above 1335° the relative amount of 
flux increases, and the rate of formation of 3Ca0.Al a 0 3 
and 3CaO.SiOa increases accordingly. At a temperature 
somewhat above 1335 0 the compound 5Ca0.3Ala0 3 will 
have completely melted in the flux, and the formation ot 
3Ca0.Ala0 3 is complete. The substances present as 
crystals at this stage are 3CaO.SiOa.Al 2 0 3 , aCaO.SiOa, 
and flee CaO. As the temperature is raised still further 
the amount of flux increases and the rate of combination 
of aCaO.SiOa to form 3Ca0.Si0 2 increases. For finely- 
ground raw materials of the above composition a tempera- 
ture of about 1650° C. is required for burning.” 

The foregoing is, of course, accurate in the case of pure 
oxides, and Rankin does note the effect on the burning 
temperature of the presence of the other common oxides. 
As a matter of fact, investigation by the Bureau of Stan 
dards has shown that the burning temperature of the com- 
mercial product varies within wide temperature limits. It 
is possible to obtain a raw material mix which will give a 
cement passing specifications when burned at 1250° to 
1300°. This is accounted for, of course, by the fact that 
in systems involving the same components in general the 
greater the number of components contributing to a 
eutectic the lower will be the eutectic temperature. Thus, 
instead of the flux appearing at 1335°, the eutectic tem- 
perature of aCaO.SiOa, sGaO.^AlaO, and 3Ca0.Al 2 0 3 as 
noted by Rankin, clinkers containing 3CaO.SiOa have been 
burned at less than 1300°. In this case the eutectic was 
probably the one between the above compound as well as 
MgO, Fta 0 3 , Na 2 0 3 , Na 2 0 , and K a O compounds or solid 
solution products. 

To recapitulate, the constituents of perfectly burned 
Portland cement are aCaO.SiOa. sCsO.SiOa, and 
3CaO. Al 2 0 3 . Alite of earlier investigators was apparently 
a mixture of the latter two compounds, and celite was 


probably 2CaO.SiOa or an intimate mixture of aCaO.SiOa 
and 3CaO.Al 2 0 3 . In actual practice, flee lime is usually 
present in small quantities, and is the constituent which 
must be blamed when a cement is not volume constant. 
1 be compound 5Ca0.3AI 2 0 3 may also be present, but is 
not at all derogatory. Of the minor oxides a portion of 
the Fe 2 0 3 exists in the cement colouring the compound 
2CaO.StOa, bnt the action between them is not entirely 
understood. The remainder occurs usually as a reddish 
nearly opaque to black opaque isotropic flux material which 
sometimes is reduced sufficiently enough to show magnetic 
properties. Magnesia has been shown by the Bureau of 
Standards to replace the lime in the silicates and aluminate 
up to a certain concentration beyond which Spinel 
(MgO.Al 2 0 3 ) and Monticellite (MgO.CaO.SiOa) are 
formed (Original Communications, 8th International Con- 
gress of Applied Chemistry, v., p. 73). It was also noted 
that if properly burned, cement could contain 7 — 8 per 
cent MgO without being affected deleteriously ( u Concrete- 
Cement Age,” O.Jf.S., p. 706, September, 1914). 

(To bt continued). 


THE VISCOSITY OF BLAST-FURNACE SLAG 
AND ITS RELATION TO IRON METALLURGY, 
INCLUDING A DESCRIPTION OF 

A NEW METHOD OF MEASURING SLAG 
VISCOSITY AT HIGH TEMPERATURES.* 

By ALEXANDER L. FEILD, B.A., M.S, (North Caroline). 
Aaeietant Metallurgist, United States Bureau of Mines, Pittsburgh, Ps. 

(Continued from p. 56). 

Description of Furnace and Accessories. 

The electric furnace used in the experiments of the author 
is of the granular carbon resistance type, and is similar 
as regards the arrangement of resistor and supporting 
refractories to the one described by Jefferies (83). The 
arrsngement of the furnace and its accessories are shown 
in Plate I. (which, with others, appear in the original 
reprint of the Paper). 

The heating zone is comparatively large— 3 in. in 
diameter and 6 in. long — and consequently required very 
efficient beat insulation of the cylindrical part of the 
heating zone, and also of the circular ends. The main- 
taining of high temperatures for a comparatively long period 
necessitated making the furnace air-tight by means of an 
external sheet-iron shell to protect the resistor from oxida- 
tion and prevent excessive generation of carbon monoxide. 
Exclusion of the atmosphere from the interior of the 
furnace was also necessary to protect the graphite crucible 
and viscosity spindle. In order to afford an easy means 
of renewing the granular resistor, inspecting the interior 
of the furnace, and introducing the graphite crucible con- 
taining the slag sample, the sheet iron shell is divided 
horizontally along a plane which cuts the top of the 
heating zone. When the furnace is in use the upper part, 
which is removable, is bolted to the stationary lower part 
along machined flanges provided with asbestos gaskets. 
The outer furnace shell is 18 in. long, over all, and 14 in. 
in diameter. The heating zone occupies a central 
position within the shell. Electrical connection is made 
with graphite ring electrodes by means of graphite rods 
enclosed in a sheet- iron sheath. The graphite core of these 
electrode connectors is threaded into the electrodes proper. 
The connectors are continusd through the sheet-iron shell, 
and connected externally with the leads from the trans- 
former, being insulated from the shell by means of 
asbestos packing. The outer ends of the connectors are 
water-cooled to prevent heat troubles. 


* A Paper communicated to the Trammtwns of Ik* Faraday 
Society. Published by permission ot the Director, U.S. Bureau of 
Mine 
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The minor materiel need in these experiments was outer tabes mast be renewed at intervals, owing to 
granolar carbon, although M cryptol ” or graphite could be cracking, which apparently cannot be avoided even with 
need as well. The granular carbon as obtained is screened alow rates of beating and cooling. The life of the 
to approximately 20-mesh sise. alundum is considerably prolonged u the furnace is not 
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Pio k.— T emperature-viscosity relations of two synthetic slags. 
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Fig. 2.— Viscosity spindle and connecting rod. Left 
view, viscosity spindle— «, graphite spindle ; c , 
spindle shaft. Right view, connecting rod— b, 
graphite rod ; d, steel connecting collar. ^ - 
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Tba innar and outer refractory tubes which ancloae the heated to temperatures above 1300’ C. The «» — ■ — 
reantor matanalare of Norton alundum. Both glared heating tabes are immediately surrounded by magnetite 
ud unglased tabes have bean need witboot any particolsr chips, which in torn are insulated by kieselgubr bSm the 
diflatanee in their babavwor being noted. The inner and outer shell. The) end parts of the furnace are i- tiH uttd 
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with kieselgnhr, which is protected where exposed to the 
intense best of the heating sone by a layer of Northrop 
cement placed over a 2o-mesh magnesite. 

As the upper part of the furnace was made removable, 
it became necessary to find a meant of supporting the 
kieselgnhr without introducing any fusible or heat-con- 
ducting material. Asbestos and transite (84) board were 
tried, but immediately deteriorated because ot dehydration 
and elimination of the binding material. Accordingly, 
fire-clay cylinders were placed both above and below the 
heating element, and the upper fire-clay cylinder was 
bolted to the top of the upper removable cylinder by means 
of lag screws. The kieselgnhr packed between the fire- 
clay ring and the outer shell was prevented from falling 
out by covering the surface with a layer of Northrop 
cement. 

The furnace is supported vertically by a tripod bolted to 
the sheet-iron shell, the bottom of the turnace being 22 in. 
above the floor of the room. A support is bolted to the 
upper removable shell, to which the optical pyrometer is 
attached when the furnace is in use. 

Rotating Device . — A f -in. steel shaft, by means of which 
the cylindrical crucible containing the slag is rotated, pro- 
jects up into the furnace through a stufiing-box placed 
centrally in the base of the sheet-iron shell. The lower 
end of the shaft i* supported on a bearing fixed to the 
tripod. The steel shaft extends only a short distance 
beyond the bottom of the furnace shell, and is bored for 
the reception of a slightly smaller supporting rod of 
Acheson graphite. This supporting rod is threaded at its 
upper end for the reception of the graphite slag crucible 
(Plate II.), the graphite rod being tapered at its upper 
end to a diameter of i in. in order to eliminate, as far as 
possible, conduction of heat from the crucible. The 
crucible possesses an inside diameter of J in. and an inside 
depth of 3 in., with a thickness of wall of ± in. The bottom 
of the crucible is £ in. thick, so that the rod may be firmly 
threaded into it. The supporting rod fits snugly into the 
hole in the axis of the steel shaft to a depth ot 24 in., and 
its length between the top of the steel shaft and the 
bottom of the crucible is about 6 in. In the earlier 
experiments with the method it was thought necessary to 
introduce a Marquardt porcelain rod between the crucible 
and the steel shaft to prevent excessive heat conduction. 
A graphite rod tapered down to a diameter of only jl in. 
has been used without excessive heat conduction being 
noted. This device also eliminates the undesirable experi- 
mental feature of using a brittle porcelain part in the 
supporting system. 

Sourer of Heat,— The heating current is supplied by a 
transformer equipped with an adjustable panel which gives 
voltages ranging from 40 to 100 volts in steps ot 2 volts. 
The maximum power input amounts to slightly over 
5 kilovolt ampdres and the maximum current to no 
empires. 

Furnace Atmosphere . — The normal atmosphere of the 
furnace is a mixture of carbon monoxide and nitrogen, 
corresponding to that in the hearth of the blast-furnace. 

Viscosity Apparatus,— Acheson graphite seems to be the 
only refractory available for such use as that of high-tem- 
perature viscosity measurements on blast-furnace slag. An 
apparatus or crucible made of platinum would be rapidly 
destroyed in such a furnace atmosphere, especially as all 
slags contain considerable quantities of sulphur and small 
amounts of iron. Of the various refractory oxides 
generally used, zirconia, the refractory properties of which 
are described by Meyer (85), comes nearest to fulfilling the 
necessary conditions, because it is not improbable that a 
refractory mixture may be made from it that will not flux 
appreciably with the molten slag. Such a refractory, 
however, was not available when these experiments were 
performed. 

Acheson graphite possesses the advantages of having a 
very low coefficient of expansion, a relatively great 
mechanicaUtrength at high temperatures, desirable working 
properties, and shows inappreciable alteration on being 


kept for long periods at high temperatures. All of these 
properties are desirable for the construction of an apparatus 
which must of necessity preserve its shape and dimensions 
over a wide range of temperature. The action of the 
molten slag on the viscosity spindle immersed in it is so 
small that the radius of the spindle decreases only approxi- 
mately 0*005 cm. during a viscosity determination. The 
action of the slag is perfectly uniform over the surface of 
the spindle, so that the same spindle may be used 
repeatedly, due allowance being made for the slight 
change in its radius. 

The construction of the viscosity spindle and connecting 
rod is shown in Fig. 2. The large cylindrical part, a, at 
the base of the spindle (on the left of the figure) dips 
into the molten slag, while the upper part is threaded 
into the base of the connecting rod (shown in the rignt 
of the figure). This connecting rod is also made of 
graphite, except for the steel cap at its upper end, d % by 
means of which the connecting rod is in turn attached 
to the upper part ot the suspended system shown in 
F'g- 3- 

The distance from the surface of the slag to the bottom 
of the steel suspension (r, Fig. 3) is approximately ax in. 
Such a system would not in itself be at all stable under 
the conditions of measurement. It was therefore neces- 
sary to place a weight of about 200 grins, between the sus- 
pension ribbon and the spindle at a point just outside the 
furnace shell and about 4} in. below the suspension. This 
weight gives stability to the system, decreases the effect 
of vibrations upon the mirror, and holds the spindle in its 
position in the slag mass. Moreover, in order to further 
increase the inertia of the system about its longitudinal 
axis and to render the Rystem aperiodic and practically 
non-suBceptible to disturbing influences of short duration, 
the 2oo grm. weight (see w, Fig. 3) is furnished with two 
diametrically opposite vanes (tr and v'), which dip into 
cups filled with a viscous fluid such as castor oil, at a 
distance of about 4 in. from the axis of the system. 

The mirror deflection is measured in the usual way 
by means of a telescope and scale. 

The entire suspension system is fixed to a rod that pro- 
jects horizontally from an apparatus support, firmly fixed 
to a heavy table and provided with a mm. scale for 
precise vertical adjustment of the apparatus. The furnace 
itself is first adjusted so that the steel shaft is in a vertical 
position, which ensures the alignment of the crucible also. 
The point to which the suspension system is fixed is then 
aligned by means of a plumb-bob with the axis of the 
shaft and crucible. In this manner the viscosity spindle is 
suspended centrally within the crucible. 

The fluctuation rarely amounts to more than x per cent 
of the scale reading. It is probable that the iqirror 
reading which is a measure of the viscosity of the slag is 
more precise than the reading of temperature in certain 
cases, although not as accurate. 

The Measurement oj Temperature, — The temperature of 
the slag was measured by means ot an optical pyrometer of 
the Holborn-Kurlbaum type. The pyrometer is sighted 
directly upon the surface of the rotating slag through an 
open sector in the 200-grm. weight (see Fig. 3). 

The pyrometer lamp and absorption prism that was 
regularly used in the experiments had been calibrated by 
the Reichsanstalt. As a check on this lamp, it was com- 
pared at intervals with another lamp, which also had been 
calibrated by the Reichsanstalt, but was used only for 
comparison. The readings in all cases coincided within 
the allowable error of observation. As a further check 
on the lamp and the absorption prism, simultaneous 
readings of temperature were made with the optical pyro- 
meter mentioned and a Bureau of Standards thermo- 
couple (No. 443) in a furnace constructed in a manner 
similar to the well known “ black-body " furnace of 
Lommer and Kurlbaum (86). Without the absorption 
prism the corrections were less than xo° for temperatures 
ranging from 1000— 1200° C. With the absorption prism 
the following corrections were noted ; — 
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CorrtcHot is for Temperature Readings. 


Temperature °C. 

Correction C, 

1200 

38 

1250 

37 

1300 

40 

* 35 ° 

4 U 

1400 

43 

1450 

44 

1500 

50 


As a check on the black-body conditions of the furnace 
used ia the vitcoeity measurements, a sample of artificial 
dioptide, GaO.MgO aSiOa, was prepared, and its tem- 
perature-viscosity relations determined in the same manner 
as adopted in the case of slags. This compound has a 
physical melting-point at 1392° C., and is converted, coin- 
cident!^ with its melting from s crystal line substance 
to a fairly fluid liquid. 

The results of these measurements are given in Fig. 4. 
The viscosity curve bends quite sharply upward in the 
neighbourhood of the theoretical melting - point, the 
observed difference of about ao° C. being probably doe to 
the fact that the artificial diopside did not have exactly 
the theoretically correct composition. Analysis of the 
artificial diopside gave the following composition : — CaO, 
25*98 per cent ; MgO, 19 48 per cent ; SiO, 55*08 per 
cent. The correct composition is :— QaO, 25*84 per cent ; 
MgO, 18*58 per cent ; SiO a , 55*58 per cent. 

Notts . 

83. Zay Jeffries, “Notes on the Gran-annular Electric 

Furnace, n Met . and Chtm. E*g., 1914, xii., 154 

84. Commercial product, consists principally of asbestos, 

mixed with a refractory binding material. 

85. H. C. Meyer, “ Zirconia, a New Refractory,** Mtt . 

and Chtm. Eng. % 1914, v., 791 *, “ Further Notes on 
the Refractory Properties ot Zirconia, 1915, vii., 
263. 

86. O. Lummer and F. Kurlbaum, “ Dtr elektrisch 

gegluhte * schwarze Korpcr,’” Ann. dtr Physik ., 
1901, v.. 829. 

(To be coetisued). 


THE ORES OF COPPER, LEAD, GOLD, AND 
SILVER. 

By CHARLES H. FULTON. 

(Cootinoed from p. 97). 

Cofftr and Iron Sulphide Mintrals Intermixed with 
considtrablt amounts of Gangue Mintrals. 

Buttt , Mont. — The Butte, Mont., ore bodies are veins in 
an eruptive rock (monsonite). The ores are divided into 
two claeaes— first-class ore, which is smelted direct, and 
contains more than 3 to 4 per cent copper, and second- 
class ore, containing about 3 per cent copper, which is 
concentrated into an enriched product, the concentrate 
containing 10 to 15 per cent copper. 

The copper minerals present in the ore are chalcocite, 
bornite, enargite, chalcopyrite, and covellite, associated 
with pyrite and sphalerite, and other sulphides and sulpbo- 
arsenides, and sulphoantimonide minerals in small 
amounts. The gangue minerals are those of the associated 
rocks, chiefly monsonite. Named in the order of their 
importance, they arc the felspars, andesine (a complex 
silicate of soda, alumina, and lime) and orthoclaee, quarts, 
biotite mica, and hornblende). A typical chemical 
analysis of first-class ore is : -Copper, 8*6© per cent ; 
iron, 18*25 per cent ; sine, 0*55 per cent ; sulphur, 23*50 
per cent ; arsenic, 0*70 per cent ; lead, trace ; alumina, 
615 per cent; lime, 030 per cent; magnesia, trace ; 
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t:r. 39*30 per cent; silver, 3 ounces; and gold, 0*0x6 
ounce, per ton. An analysis of the second-class ore is : — 
Copper, 3*25 per cent *, arsenic, 0*37 per cent ; antimony, 
0*025 per cent; sulphur, 11*12 per cant; iron, 9*30 per 
cent; silica, 58*45 per cent; alumina, it *90 per cent; 
lime, 0*15 per cent; magnesia, 0*25 per cent; potassa, 
2 34 per cent ; sods, 0*11 per cent; water, 0*15 per cent 
above no°C. (C. W. Goodale and J. H. Klepinger, "The 
Great Falls rloe System and Chimney, M Trims. Am. 
Inst . Min. Bng. t xlvi., 568). An analysis of the con- 
centrate from second-class ore is : — Copper, 15*85 per 
cent ; iron, 21*95 P* r cent ; sine, 0*50 per cent ; sulphur, 
29*10 per cent ; manganese, trace ; arsenic and antimony, 
0*95 per cent ; lead, trace ; alumina, 3 per cent ; lime, 
o*45 per cent ; magnesia, trace ; silica, 26*50 per cent ; 
silver, 5 ounces ; and gold, 0*02 ounce, per ton. The 
average metal content ot the Butte ores, as mined, is 
about 3*3 per cent copper, 2 5 ounces of silver, and 0*010 
ounce of gold per ton. Butte production in 1914 was 
236,805,845 pounds of copper, or 15*11 per cent of the 
United States production. 

Bingham , Utah. — The ore bodies of the Highland Boy 
Mine, Utah, are lens-shaped, pyritoos deposits io lime- 
stone. The ore consists of friable pyrite, with which is 
associated chalcopyrite and some bornite and chaleodte ; 
small amounts of sphalerite and galena are found. The 
gangue ia largely quarts with some silicate minerals 
present. The proportion of iron in the ore is 1 to 15 per 
cent greater than that of silica. A typical analysis of the 
ore is as follows: - Gold, 0*074 ounce per ton ; silver, 1 
ounce per ton; copper, 2*20 per cent; silica, 25*1 per 
cent ; iron, 28*5 per cent ; lime, 3*28 per cent ; sulphur, 
31*45 per cent; alumina, 1*37 per cent. The ore is 
roasted and smelted in reverberatory furnaces. 

I isbtt % Arts . — The Arixona ore bodies (Copper Queen 
mine) are replacements in limestone. The ores in the 
opper part of the ore bodies were o xi d i sed ores, consisting 
of malachite, azorite, coprite, and native copper as the 
main ore minerals. The chief ore at preseot is sulphide 
ore, although oxidised ore is still mined. The ore minerals 
in 1 he sulphide ores are pyrite, containing chalcopyrite, 
chalcocite, and sometimes small quantities of bornite. A 
little sphalerite is found. The gangue minerals are kaolin 
(clay), quarts, limonite, chlorite, ampbibole, pyroxene, and 
garnet, the silicate minerals replacing original limestooe, 
and the ores containing practically no lime. The ores 
mined are of three kinds— oxidised ores, sulphide ores, and 
a low-grade ore containing much clay. These are mixed 
in such proportion as to form, with the addition of some 
limestone, a mixture that can be smelted direct in blast- 
furnaces, with the production of a 40 per cent copper- 
iron matte, which is converted to metallic copper by being 
bessemerised in converters. 

Cofptr and Iron Sulphidt Mintrals DisstmineUtd 
throughout Eruptsot or M t t umo r p h it Rocks. 

Bingham , Utah. — Ths ore consists of porphyry 
(monsonite), through which are disseminated small grains 
of pyrite, chalcopyrite, bornite, and chalcocite. The 
gangue rock, altered monsonite, is composed of the fol- 
lowing minerals, stated in the order of the quantity pre- 
sent Quarts ; the felspars, orthoclase, and plagioclasa, 
partly altered to seriate ; hornblende, and biotite. An 
average analysis of the ore is about as follows ;— Silica, 
66*55 P« cent; alumina, 16*75 per cent; iroo, 2*44 per 
cent ; lime, 1*27 per cent; soda and potassa, 7*60 per 
cent ; sulphur, 1*54 per cent ; copper, 1*52 per cent ; re- 
mainder, chiefly oxygen, carbonic acid, and water, i*a8 
per cent. The copper content of the ore varies between 
i*4 and 2 per cent. The combined gold and silver con- 
tent is valued at about 25 cents or less per ton. The ore 
is concentrsted at about 18 to 1 ; that is, 18 tons of ora 
make 1 ton of concentrate, the recovery of copper by con- 
centration being about 66*5 per cent. An average 
analysis of concentrate is:— Gold, 0*154 ounce; silver, 
1*80 ounces ; copper, 34*1 per cent ; silica, 16*8 per cent ; 
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iron and manganese, 22*2 per cent; sulphur, 32*1 per 
cent; alumina, 170 per cent. 

Ely , Nev . — The Nevada ore occurrence at Ely is 
similar to that at Bingham, Utah. The contents of the 
ore in metal are: — Copper, 170 per cent to 2 per cent; 
silver and gold, about 45 cents per ton. About 68 per 
cent of the copper and 50 per cent of the gold and silver 
is recovered by the combined operations of concentration 
and smelting. The ore is concentrated 9*1 into 1, and the 
concentrate contains about 10*5 per cent copper. 

Santa Rita , N. Mex. — The Santa Rita ore consists of 
an altered quarts diorite — a rock reseuiblihg monzonite, 
except that the felspar present is chiefly a plagioclase — 
through which are disseminated pyrite, copper sulphide 
minerals, malachite, afurite, and native copper. The ore 
differs from the Ely and Bingham ores in the nature of 
the gangue rock and in the presence of a greater variety 
of copper minerals. The ore contains about 2 per cent 
copper, and is concentrated into a 27 per cent copper pro- 
duct, which is shipped to a smelter at El Paso, Tex. 

Nsar Globe , Arts. — The ore consists of mineralised 
schist (a metamorphic rock) and porphyry. The copper 
minerals disseminated through the rock are chiefly cupri- 
ferous pyrite and chalcocite. The copper content worked 
by one set of mines is about 2*2 per cent, and the ore is 
concentrated as previously described. An analysis of the 
concentrate follows : — Gold, none ; silver, 0*446 ounce ; 
copper, 18*55 per cent ; silica, 24*2 per cent ; iron and 
manganese, 22*7 per cent ; lime, 0*6 per cent ; sulphur, 
25*4 per cent ; alumina, 3*6 per cent. 

In ore bodies worked by other mines the copper content 
ranges from 2 to 2*5 per cent. About 20 to 22 tons of ore 
are concentrated into 1 ton of concentrate containing 
about 40 per cent copper. The extraction by concentra- 
tion is about 75 per cent. 

The “ disseminated ” ores or “ porphyry copper ” ores 
arc a development of recent years, and are already a 
source of much copper. Taken as a whole, these mines 
have estimated ore reserves enough to produce 5.705,000 
tons of copper, which with the present milling capacity 
can be recovered in 25*5 years, or at the rate of 223,710 
tons of copper yearly. The total production of copper in 
the United States for 1914 was 782,854 tons, the produc- 
tion of the porphyry mines being 160,979 tons, or 20*5 
per cent. 

Ons containing Lead and Coffer and Usually some 
Gold and Silver . 

Silver ton t Colo.— The Silverton ore bodies are veins in 
eruptive rock. The ore consists of the gangue minerals, 
quartz, rhodochrosite, barite, and calcite, and the ore 
minerals, pyrite, chalcopyrite, galena, tetrahedrite, 
bornite, sphalerite, stibnite, and sometimes native gold. 
Two classes of ore are mined :-—(i) High-grade ore, 
smelted direct, and (2) concentrating ore, which is con- 
centrated about 4} into 1, and the concentrate smelted. 
The high-grade ore is divided into two kinds : — (a) So- 
called “lead” ore, of which the following is a typical 
analysis : Gold, 0*18 ounce, and silver, 48 ounces per 
ton; lead, 38 per cent; and copper, 4*15 per cent; and 
(b) so-called “copper” ores, containing, for example, 
gold, 1*33 ounces, and silver, 68* 1 ounces per ton; lead, 
11 per cent ; and copper, 8*3 per cent. The concentrate 
contains 0*5 ounce to 1*5 ounces of gold, and 20 to 30 
ounces of silver per ton, and lead 20 per cent, and copper 
5 per cent. The ores from the different mines vary much 
in value, concentrating ore containing gold, silver, lead, 
and copper worth 8 to 20 dole, per ton. High-grade ores 
and concentrates are treated by lead smelting. 

Park City , Utah.— The Park City ore consists of a 
quartzite and limestone gangue in which are the following 
ore minerals Galena, sphalerite, pyrite, chalcopyrite, 
and tetrahedrite. About one- third to one-half of the ore 
is smelted direct ; the remainder is concentrated. A 
typical analysis of high-grade ore is as follows : — Gold, 
0*046 ounce, and silver, 557 ounces per ton; lead, 227 


per cent ; copper, 2*2 per cent ; silica, 31*7 per cent ; iron 
and manganese, 6 per cent ; lime, 0*5 per cent ; zinc, 14*2 
per cent; sulphur, 11*8 per cent. The concentrate from 
the low-grade ore does not contain much copper, and has 
the following typical analysis : — Gold, 0*032 ounce, and 
silver, 34*5 ounces per ton ; lead, 33*5 per cent *, copper, 
0*9 per cent ; silica, 10*4 per cent ; iron and manganese, 
13*20 per cent ; lime, 0*8 per cent ; zinc, 12*5 per cent ; 
sulphur, 36*0 per cent. Copper-lead ores of similar 
character are shipped from the Bingham district, Utah, 
the Coeor d’Alenes, Idaho, and from Georgetown and 
Silver Plume, Clear Creek County, Colo. Typical 
analyses of Clear Creek County lead-copper ores are given 
in Table I. 

Table I ,-Tyfical Analyses of Clear Creek County , Colo., 
Lead-coffer Ores. 

Analysis No. 1. Analysis No. a. 

Gold (ounces) 1*91 0*99 

Silver (ounces) 12*6 26*7 

Lead (per cent) 287 19*4 

Copper (per cent) 2*8 2*3 

Silica (per cent) 30*5 30*9 

Iron and manganese (per cent) 10*00 10*00 

Lime (per cent) — — 

Zinc (per cent) 3*8 8*8 

Sulphur (per cent) 14*0 17*9 

Lead Ores (commercially free from the precious metals). 

South-Eastern Missouri. — The ore is a dolomitic lime- 
stone (lime-magnesia carbonate}, through which is dis- 
seminated galena and a little pyrite. An average analysis 
of the ore is : — Lead, 5*90 per cent ; copper, 0*065 P*r 
cent ; zinc, 0*82 per cent ; sulphur, 2*18 per cent ; silica, 
4*565 per cent ; iron, 3*925 per cent ; manganese, 0*465 
per cent ; lime, 25*30 per cent ; magnesia, 14*50 per cent ; 
alumina, 5*75 per cent ; carbon dioxide, 36*02 per cent ; 
silver, 0*13 ounce per ton. The ore is concentrated about 
12 into 1, and the concentrate smelted. An average 
analysis of concentrate is : — Lead, 63*67 per cent ; copper, 
0*45 per cent ; zinc, 1*70 per cent ; sulphur, 13*35 par 
cent ; silica, 0*64 per cent ; iron, 3*16 per cent ; man- 
ganese, 0*33 per cent; lime, 4*98 per cent; magnesia, 
2*93 per cent; alumina, 1*29 per cent; carbon dioxide, 
7*05 per cent ; silver, 1*02 ounces per ton. 

Lead Ores Containing Precious Metals. 

Many lead ores containing precious metals also contain zinc 
in considerable quantity, but in the ores under this olass it 
is not saved. 

Ltadville, Colo., Ores. — Leadville (Colo.) ores may be 
divided into five classes as follows (1) Oxidised silver- 
lead ores ; (2) sulphide silver-lead ores, containing less 
than about 10 per cent zinc ; (3) sulphide silver-lead ores, 
containing more than 10 per cent zinc ; (4) iron sulphide- 
copper sulphide ores, containing silver and some zinc ; (5) 
other ores not included in the foregoing classes, such as 
oxides of iron and manganese containing silver, iron 
sulphide-gold ores, and zinc ores. Class 4 has been men- 
tioned under copper ores. The discussion following 
covers only classes 1 and 2. 

Oxidised Silver -lead Ores. — Oxidised silver-lead ores, 
formerly of great importance in the United States, are 
now nearing exhaustion. They represent the ore bodies 
derived from the oxidation of sulphides. The ores con- 
sist of cerussite, some anglesite, and a little unaltered 
galena, in a gangue of hematite, limonite, and manganese 
oxides, with occasionally some barite. The silver occurs 
chiefly as cerargyrite. Typical ore from Fryer Hill, Colo., 
had the following analysis 30 to 35 per cent iron and 
manganese, as oxides *, silica, 12 to 15 per cent ; lead, 
21*45 per cent; silver, 65*42 ounces per ton; remainder 
oxygen, carbonic acid, and water. These ores were 
smelted to lead-silver bullion in blast-furnaces. 

Sulfhide Ores.— The sulphide ores consists of a mixture 
of silver-bearing galena, sphalerite, and pyrite in a gangue 
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of dolomitic limestone and an eruptive rock (Celeite). 
The amount of gangue rock in the ore ia uaually amall. 
The amount of sphalerite varies much. Ores containing 
leas than 10 per cent sine are treated direct by the lead 
smelter ; those with more than this may be subjected to 
ore-dressing operations which yield a galena concentrate 
low in sine, and a pyrite-sphalerite concentrate low in 
lead, this latter going to the sine smelter after a magnetic 
separation of sphalerite from pyrits. Sulphide ores going 
direct to the lead smelter have a composition about as 
follows Lead, 44 to 45 per ceot; sine, 13 to 12 per 
cent ; iron, 11 to 9*50 per cent; sulphur, 25 to 30 per 
cent ; insoluble residue, chiefly silica, 1 to 2 per cent ; 
silver, 10 to 15 ounces per ton. These ores are roasted, 
and the “ sinter " or roasted product is amelted in blast- 
furnaces to lead bullion. 

Or# Classification Baud on Load Content .—' Table II. 
ia a classification of ores from the lead smeltet's point of 
view, and is based mainly on Leadville, Colo., ores, but 
is widely used in the West for ores in general. 


Table II. 


Designation. 


Per cent. 


Iron. 
Per cent. 


Oxides and Carbonates, 

Ox idea- 

iron oxide ores . . 

Siliceous dry oxide 
Siliceous lead oxide 

Carbonates — 

Dry carbonates . . 

Lead carbonate .. 


Dry sulphides— 
Siliceous, dry 
Iron, dry . . , 

Iron 

Lead sulphides—’ 
Siliceous .. . 


Insoluble. 
Per sent. 


Sulphur. 
Per cent. 


High 


<5 

45 to 60 

2 5 to 17 

<1 

<5 

6 to 45 

17 to 84 

<3 

J tO AO 

5 to 30 

3°«>J5 

<3 

<5 

30 to 48 

20 to 35 

3 

>5 

19 to 46 

7 to 30 

05 

Sulphides, 



<5 

Up to 15 

>30 

>3 

<5 

15 to 30 

<50 

>3 

<5 

>30 

<30 

High 

>5 

<3<> 

15 to 50 

12 to 20 

3 ‘015 

>30 

<*5 

>3 to 35 

>30 

5 to 20 

* 5 to 5 

Up to 26 


(All may contain copper and sine). 


Remarks on Classification . —The gold and silver content 
of the ores may vary widely, from practically no gold or 
silver to a very high content in these mauls. The 
limiting values of the constituenU named arc approxi- 
mate only, and the classification cannot be considered 
rigid. Thus under dry sulphides are undet stood to be in- 
cluded sulphide ores that contain less than 5 per cent lead, 
aod in which the sulphide mineral is chiefly iron sulphide. 

A sulphide ore from the lead smelter's point of view is 
ooe that necessiutes roasting as a preliminary operation 
to amelting. This implies a sulphur content of more than 
3 per cent. The dry sulphides may range from mineral 
mixtures in which the siliceous gangue minerals pre- 
dominate, and the iron sulphides are subordinate in 
amount to almost pore iron sulphide. Hence the classi- 
fication siliceous dry sulphide, iron dry sulphide, and iron 
sulphide. The first conuins only a amall amount of sul- 
phide mineral, the second a considerable amount, and 
the third consisu almost entirely of sulphide mineral. 
Naturally the classes grade into each other, aod rigid 
limits for each claaa cannot be set. 

Copper may be preseot in all of the ores mentioned in 
the class ifi cation. Usually the amount of copper is small, 
but a content as high as 5 or 6 per cent is not uncommon 
in the so-called lead-copper ores or in the dry sulphides. 

The term “dry" applies to ores that contain less than 
3 per cent lead. More broadly speaking, the term M dry " 
should apply to any ore that has insufficient lead or 
oopper to act as a collecting agent for its gold and silver 
c o n tent during smelting, but the lead smelter usually 


confines the term to ores containing less than 5 per cent 
lead, with no particular reference to the copper content. 

Composition of Typical Ores Classified on Basis of Load 
Content , — Table III. gives the composition of typical ores 
classified on the basis of lead content. 

(To be continued). 
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INSTITUTE OP CHEMISTRY OP GREAT 
BRITAIN AND IRELAND. 


Report on Proposam Submitted by the Executive 
Committee op the Proposed British Association 
of Chemists. 

I. The Council of the Institute of Chemistry have con- 
sidered the proposals submitted to then, on December 14 
I 9 I 7* by the Executive Committee of the proposed British 
Association of Chemists. 


II. The proposals were as follows : — 

(A). 


British Association of Chemists as outlined in the 
circular calling the meeting held at Manchester 00 
November 10, 1917. (See III. below). 

(B) . If the Institute cannot see its way to modify its 

constitution to carry out the first proposition, that 
it should adopt as a minimum qualification for 
A.I.C. the (a) and (6) qualifications (see IV., below) 
of the proposed British Association of Chemists 
and adopt the objects outlined in the circular 
convening the meeting held on November 
Provided that after 1921 only persons 
under (a) of the British Association of 
qualifications be eligible for A.I.C. 

(C) . That Local Sections shall be formed and that the 

Cooncil shall consist largely of representatives from 
such Sections. 

(D) . That should the Institute decide 00 having a 

separate registration body, the latter should be self- 
governed and should carry out the objects of the 
proposed British Association of Chemists. 


10, 1917 ; 
qualified 
Chemists 


lost tne institute 01 Chemistry should become the 
sole registration authority for chemists —an authority 
bearing no relation whatever to the granting of the 
diplomas A.I.C. aod F.I.C.— with a view to the 
Institute carrying out the objects of ths mobomI 


III. The objects referred to arc (a) to (d) following :— 

(*) To obtain power to act as sole registration authority 
for all Chemists. * 


(0) in nave the word Chemist legally re-defined. 

(r) To safeguard the public by obtaining legislation en- 
suring that certain prescribed chemical operations 
be under the direct control of a Chemist. 

(d) To raise the profession of the Chemist to its prooor 
position among the other learned Professions, w 
that it may attract the attention of a larger proportion 
°J ,? e lkl bttt *** thereby secure a supply 

of highly-trained Chemists adequate to the industrial 
needs of the country. 


IV. The qualifications (a) and (6) referred to (in II.. 
above) are as follows :— ' ' 


(a) Any person holding a University degree, with first 
or second class honours in chemistry, or its equiva- 
lent in the opinion of the Council ; 

{b) Any person who can show evidence sa tisfactory to 
the Cooncil of having had a sufficient general and 
scientific education and of having practised pure and 
applied chemistry for not less than seven years, and 
who holds a responsible positioo. (This clause to 
apply only op to December, 1921). 


. me Council find on consideration that the obiecta of 
the Association are practically included in the aims and 
objects of the Institute. They, therefore, deprecate the 
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formation of another body of Chemists for carrying oat 
those objects. 

VI. The Council do not deem it advisable to adopt pro- 
posal (A). (See II. , above). 

VII. The Council are prepared to submit to the Fellows 
and Associates of the Institute in Extraordinary General 
Meeting the following modifications of the regulations and 
constitution of the Institute with a view to meeting pro- 
posal B, so far as the Council deem it advisable to do so — 

x. That the Council modify the existing regulations of 
the Institute in order to include as many chemists 
as possible in the Membership fAssociateship and 
Fellowship) of the Institute, so far as such a courss 
is compatible with ths provisions of ths prsstnt 
Chartsr . 

а. That any Candidate who has complied with the 

following conditions be accepted as eligible to 
apply for admission to the Aseociateship of the 
Institute — 

(а) That he has attained the age of twenty-one years ; 

and either 

That he has obtained a degree with first or 
second class honours in Chemistry (or other degree 
or diploma recognised by the Council as equivalent) 
after a three years 1 systematic day course, and (i.) 
has taken a further years 1 training in Chemistry 
at a recognised University or College ; or (ii.) has 
had two other years' approved experience (see 
Note x) under a Fellow of the Institute, or in a 
laboratory or works approved by the Council ; 
or 

That he has obtained a degree with first or 
second class honours in Chemistry (or other 
degree or diploma recognised by the Council as 
equivalent) after a four years 1 systematic day 
course ; 

Providsd in every case that the Candidate has 
produced satisfactory evidence of training in 
Physics, Mathem tics, and an optional subject. 

(б) That until December 31, 1921, Candidates of 
twenty-seven years of age and upwards who have 
complied with the conditions prescribed in quali- 
fication (6) (see IV., above) submitted by the 
representatives of the proposed British Associa- 
tion of Chemists should be accepted as eligible 
for admission as Associates of the Institute, pro- 
vided that they have complied with the provisions 
of the Charter of the Institute with regard to 
general education, scientific training (in 
Chemistry, Physics, and Mathematics), and the 
passing of class examinations held in connection 
with such training (see Note 2). 

(c) That Candidates who have not complied with the 
conditions specified in (a) or ( b ) immediately above 
or with the regulations adopted as a temporary 
(War) measure, be required to comply with the 
regulations adopted by the Council in July, 1917. 

3. That the standard of qualification for the Fellowship 

of the Institute should be maintained at a decidedly 
higher level than that for the Associateship. 

4. That the list of Institutions recognised by the Council 

for the training of Chemists should be reconsidered 
with a view to its further extension. 

5. (a) That with regard to proposal C (see II., above), 

looal branches of the Institute be formed in im- 
portant centres where a Membership of not less 
than, say, forty can be assured. 

(6) That the main objects of such branches should 
be to maintain the interest of the Members in the 
general welfare of their profession and to promote 
social intercourse. 

б. That steps be taken to revise the present system for 

the election of the Council, in order to give the 
general body of Members greater freedom of 
nomination. 


Note 1.— One year may be accepted by the Council as 
sufficient where the approved experience in a laboratory or 
works has been acquired subsequently to the prescribed 
training in a recognised University or College. 

Note 2.— In considering applications under this clause 
the council will expect Candidates to produce evidence of 
having been trained and occupied in a manner which in 
the opinion of the Council is equivalent to fulfilling the 
conditions required of Candidates admitted under a. 


PROCEEDINGS OF SOCIETIES- 

ROYAL SOCIETY. 

Ordinary Mating , January 24, 1918. 

Sir J. J. Thomson, O.M., President, in the Chair. 

Papers were read as follows : — 

" Graphical Solution for High Angle Fire" By Prof. 
A. N. Whitehead, F.R.S. 

11 On Flocculation ." By Spencer Piceerino, F.R S. 

The subsidence of suspended matter on the addition of 
a flocculant to a mixture of kaolin and water is accom- 
panied by an increase of too to 200 per cent in the specific 
volume of the sediment deposited. This increase, as well 
as the disappearance of Brownian motion, proves that 
flocculation is due to an increase in the sise of the particles. 
With acids as flocculants, definite combination between 
them and the kaolin occurs, the acid being almost com- 
pletely removed from the solution op to the point when 
flocculation is complete, beyond which no more is removed. 
The acids being in a highly hydrated condition accounts 
for the increase in volume of the kaolin particles on uniting 
with them. With alkalis the phenomena are the same* 
but combination is complete only in the presence of excess 
of alkali ; hence the concentration at which flocculation 
occurs is much higher. In very weak alkaline solutions 
where there is but little actual combination the subsidence 
of the particles is retarded by the attraction of the alkali 
present. 

The specific volumes of the sediment show that the 
interaction between the flocculant and the kaolin extends 
beyond the point at which flocculation is complete, the 
subsequent changes being due to the dehydrating aetion of 
the flocculant and the combination of the partially de- 
hydrated kaolin with the concentrated flocculant. The 
freezing of kaolin suspensions or of hydrated precipitates 
produces contraction of the sediment, and this has been 
proved to be due to dehydration and to be non-reversible. 

“ Revolving Fluid in the Atmosphere.” By J. Aitken, 

F.R.S. 

The paper deals with the objections to the cyclonic 
theory of circulation recently advanced by Sir Napier Shaw. 
These obje:tions are founded on the fact that the charts of 
isobars and winds of the weather maps nowhere show a 
circulation such as would be given by a combination of the 
motions of rotation and translation. It is pointed out 
that these objections are based on suppositions which do 
not find support in nature. If the cyclone were a closed 
system the winds would be such as Sir Napier says 
they ought to be, but as the cyclone is an open one and 
draws in air at its lower end, and as this incoming air is 
only on its way to become part of the system it cannot be 
treated as having the revolution and translation of the 
cyclone. If the combination of these two motions is to 
be feund anywhere it will probably be in the higher winds, 
and even there they will be affected by the general circula- 
tion in the system. It is pointed out that the statement 
frequently made that eddies and small tropical revolving 
storms have their analogue in the vortex-ring is a mistaken 
one because the vortex-ring is a dying system from the 
moment of its birth, while revolving storms, small and 
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great, can take in energy and grow. It is shown that the 
diameter of cyclones is greatly infloenced by theit 
barometric gradients, and it is suggested that the mechani- 
cal effects of rainfall may be the initiating cause of 
secondary cyclones. 

u Ultra-violet Transparency of the Low er Atmosphere 
and its Relative Poverty in Osone ." By Hon. R. J. 
Stkutt, F.R.8. 

1. The lower atmosphere is found to be comparatively 
transparent to ultra-violet light. The A 2336 can be 
detected on the spectrum of a mercury lamp four miles 
distant. 

2. The solar spectrum, even when observed from high 
altitudes when the equivalent thickness of air overhead 
(reduced to N.T.P.) is less than four miles, is limited by 
atmoepheric absorption to A 2922. Air near the ground 
level is therefore much more transparent to ultra-violet 
light than the upper air. 

3. Since the limitation of the solar spectrum it almost 
certainly due to osone it follows that there most be much 
more osone in the upper air than in the lower. 

4. Scattering by small particles acts in the same way as 
osone to absorb ultra-violet radiation from a distant souice, 
and this action makes quantitative estimation difficult. 
Even if the observed enfeeblement of A 2536 were entirely 
doe to osone, 0*27 mm. of pore osone in four miles of air 
would suffice to produce it. Taking scattering into account 
the quantity is probably much less, and these is no 
evidence from this investigation that any osone is present 
in the lower air. 

u Presence in ths Solar Spectrum of ths Water vapour 
Band A 3064. By Prof. A. Fowlbr, F.R.S. 

It is shown in this paper that the band at A 3064 which 
is usually attributed to water-vapour is quite strongly re- 
presented in the solar spectrum, and accounts for at least 
150 lines which were previously unidentified. 

M Ths Ultraviolet Band of Ammonia and its Occurrsncs 
m ths Solar Spectrum. n By Prof. A. Fowlbr, F.R S., 
and C. C. L. Gregory. 

The ammonia band having its greatest intensity at 
X 3360 has been photographed with high resolving power, 
and the positions of 260 component lines have been deter- 
mined. In the principal maximum, and in a secondary 
maximum at A 3371, the band lines are very closely 
crowded and form series of the usual type. Oo the 
less refrangible side the principal lines form three scries 
which coalesce and fade out at A 3450, and there is a 
ttmiiar eat of three series on the more refrangible side 
which c o a les c e and disappear at A 3287. These two groups 
however are not symmetrical, and they differ considerably 
from the more usual type of series. It is shown that the 
ammonia bend lines are consistently represented in the 
solar spectrum, and account for about 140 lain! lines which 
were previously unidentified. The remaining band lines 
are either too weak to appear in the son or are obscured 
by lines of metallic origin. Thfc brightest part of the 
ammonia band accounts for the greater part of Group P 
of the solar spectrum. 

CHEMICAL SOCIETY. 

Ordinary Masting , January 17, 1918. 

Prof. W. J. Pops, C.B.E., P.R.S., President, 
in the Chair. 

Tam President referred to the loss sustained by the 
Society, through death, of the following Fellows Charles 
Bradshaw and Reginald C. Woodcook. 

Messrs. H. J. Cunningham, W. A. Dickie, F. Bridge, 
and O. A. Le Bean were formally admitted Fellows of the 
Society. 

Certificates were read for the first time in favour of 
Ernest Atkinson, 5, Bank Roak, Workington; Albert 


Leslie Bloomfield, B.A., Rose Cottage, Bpping New Road, 
Buckhucst Hill; Joseph William Christelow, B.Sc., High- 
cliff View, Guisborough ; Thomas Gifford Elliot, Hillcote. 
Park Edge, Hathersage, Sheffield ; Frederick Page Evans. 
B.Sc., 8, Vicaraga Road, Frindsbury, Rochester; Cecil 
Stevenson Garnett, 12, Cross Street, Chesterfield ; 
Frederick Horace Garner, M.Sc., 172, St. Paul's Road, 
Balsall Heath, Birmingham; Francis Clint Guthrie, B.A., 
The Roscote, Heswall, Cheshire ; Alan Haythornthwaite, 
B.Sc., 79, Clapbam Common, West Side, S.W. 4 ; William 
Earl Hughes, B.A., 6, Coleherne Terrace, Earl's Court, 

S.W. 5; Herbert Spencer Kipling, West End House, 
Victoria Road, Stechford, Birmingham ; Fraocis Charles 
Lewis, B.Sc., Nwcb-y-don, EUungton Road, Burry Port, 
Carm. ; William Jackson Lund, M.Sc., M Penryn," Temple 
Road, Stowmarket; Archibald Brace Macallum, 243, 
College Street, Toronto; Alfred Bertram Mann 85, 
Laburnum Avenue, Garden Village, Hull ; Tudor Williams 
Price, B.A., M.Sc., “Gowanlea, Caledonia Road, Salt- 
coats ; Robert Ray, B.Sc.. Rastriggs, Dumfriesshire ; 
Ferdinand Roques, 36, Rue Ste. Croix de la Bretortoerie. 
Pans; Alfred Ulrich Max Schlaepfer, 12 Arlington 
Gardens, Chiswick ; William Leonard Scotcher, Eastriggs, 
Dumfriesshire ; Harold Pethick Shilston, 49, Radnor 
Drive, Wallasey, Cheshire ; George Taylor, 32, Sotheby 
Road, Highbury, N. 5 ; John Trotter, M.A., D.Sc., c/0 
Mactaggart, 12, Meadow Place, Edinburgh ; Arthur 
William Willis, 30, Manor Road, Stechford, Birmingham ; 
Charles Edmund Wood, M.Sc., 83, Kingswood Road, 
Moseley, Birmingham. 


CORRESPONDENCE. 


PERCO LIFE - SAVING GOODS. 

To ths Editor of ths Chstnicai Nows. 

Sir, — I beg to take this opportunity of pointing out the 
realiability of Perco life-saving goods. Perco is a com- 
modity pos ses s ed of peculiar qualities and virtues, being 
lighter than cotton, softer than wool, and warmer than for. 

Its great buoyancy powers render it invaluable for life- 
saving purposes, and the greatest attraction that should 
appeal to people at home nowadays is the fact that it is a 
trade which is being captured from Germany. That it is 
assured of a big tutors is positive, and you will readily 
perceive that it has come to stay, and we hope to be 
developed in England as a great, and possibly, owing to 
its adaptability, even a national industry. 

We are contractors to the Royal National Lifeboat 
Institution. - We arc, Ac., 

The Karck Industrial Co. Ltd. 

12 24 , Underwood Street it jr Rood, London, N. 1. 


RECRUITMENT OF CHEMISTS FOR THE ARMY. 

To ths Editor of ths Chemical Sows. 

Sir,— 1 should be very much indebted if ooeof the res din 
of the Chemical News could give me some information 
retarding the recruitment of chemists for the Army. 

1 am twenty-one years of age, and have had nearly seven 
years works laboratory experience in iron and steel and 
metallurgical analysis, including two and a-half by-pro- 
ducts and coal-tar distillatioo. I hold the following 
technical honours : — Board of Education Examinations in 
Chemistry (Higher) and Metallurgy (Higher) ; alio City 
of London Guilds Honours and Suver Metal in Iron and 
Steel. I have the position of teacher in metallography at 
a technical institute also. 

Being under twenty-three years of age I am accordingly 
to be recruited for the Army, as per the Protected Occupa- 
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tion List just issued. I am quite willing to do my bit, but 
am sore that with my experience I am more service in in- 
dnstry. I should like an opinion if any special provision 
is made for such cases. 

I think myself that after so many years of haid work to 
attain some merit, my services could be better utilised 
than with the rank and file of infantry regiments. 

If industrial positions are not available are there any 
special units I could join to make my training suitable as 
recruit? I should be very much indebted for any such 
particulars and advice regarding special chemists units, 
&G* (commissions, Ac.). 

I have a friend who is situated very similar to myself, 
and I ask also on his behalf. We are both certified “A” 
class, and are at present in controlled establishments, 
holding each a Red Protection card.—I am, Ac., 

.... Bernal A. Beckley. 

ao, Market Street, Wolverhampton. 


j Chemical Maws, 

t Feb. “ ‘ 
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MISCELLANEOUS. 

Chemical Society.— At the Ordinary Scientific Meeting 
on February ai, at 8 p.m., Prof, the Hon. R. J. Strutt, 
M.A., Sc.D., F.R.S., will deliver a lecture entitled 
“ Recent Studies on Active Nitrogen.” 

Royal Institution.— A General Meeting of the 
Members of the Royal Institution was held on the 4th 
ioat.. Sir James Crichton Browne, J.P., F.R.S., Treasurer, 
in the Chair. J. Turner MacGregor-Morris and Prof. 
Paul Popovic were elected Members. The Secretary 
announced the decease of Sir John Wolfe Barry, Member 
of the Royal Institution, and a resolution of condolence 
with the relatives was passed. The Managers reported 
that Dr. Mond, under the Conveyance and Deed of Trust 
of the Davy-Faraday Research Laboratory of the Royal 
Institution, covenanted to pay to the Royal Institution 
before the year 1926, the sum of £62,000 as Endowment 
Fund. The Trustees have in the most generous way 
anticipated the obligation by eight years, and have trans- 
ferred the sum of £66,500 in 5 per cent War Stock to the 
Trustees, nominated by the Managers, of the Davy-Faraday 
Research Laboratory Endowment Fund. This will add 
materially to the income available for the purpose of pro- 
moting and maintaining the efficiency of the Davy-Faraday 
Research Laboratory, in the Advancement of Original 
Research in Chemical and Physical Science. 
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T° With Regulation 8 (6) of the Defence ot the 

Act, advertisements from Arms whose business rnitlati 
wholly or mainly in Engineering, Shipbuilding, or the production 
of Munitions of War, or of substances required for the production 
thereof, most include the words M No person resident more than 
ten miles away or already engaged on Government work win be 
engaged." 

A n ft al Chemists required. Male, ineligible 

0r F « n * le ', N ° P««on reeideo. more then 
ten miles from advertiser's works or already engaged on Gomnu3 
work need apply.-Apply, Stobie Steel JDanston-^^ Sr 

Engineering Works in London have a vacancy 

. I 01- * 11 Assistant Chemist in their Testing Laboratory AnoHon* 
must be ineligible for the Army, or s I^y. Give 
training, and salary required. Addres^’ 

16, Newcastle Street, Farringdon St reet, LoodoJ, Ec! 4. °® ' 

jp i rat- class Cement Chemist for India wanted. 

nhv«ir?i| , l 8t fi» ha J e £?, ***** fiv * *•*»' practical experience, be 
pbysicaily fit, resourceful, energetic ; unmarried preferred --Writ* 
lad tan Cement," care of Streets, 30, Cornhill, LoS do^EX. 3/ 

L A k ®° 5 AT P,? Y A Youth of l6 > With good 
W an ‘ ed in government Factory, Metallurgical 

tion sod 'unfeln* Vfc contr ? 1 Pyrometers, including standsrdiss- 
nearest Employment Exchange snd quote No. A 453^ * ^ " yWU 

^Ifanted, good Second-hand BALANCES 
W ai 2 ! 5 d J “Chemical News,” 1863, 1864., i860 

-TgraKS; .**a» i. 

W a ^ ed - s “M E :MORIALS OF THE GOOD- 

COUNTY BOROUGH OP STOKE-ON-TRENT. 

CENTRAL SCHOOL OF SCIENCE AND 
TECHNOLOGY. 

POTTERY DEPARTMENT. 


T h ! PP g.S o 0 , r fh. o P the above Scho ° l invite 

Monday, irih.— Biochemical Society, 5.30. (In the Bot.ny Bui Idingi, I PrindptUEIr. Mello.) of* he °P O T T H R Y^D E P A R "na E N T *° 
Imperial College of Science snd Technology. South I rhe person annointed must k. • r.iii« ....as — ■ m 

Kansinatnnl 


Kensington). 

Tuesday, iath.— Royal Institution. 3. “ Problems of British Anthrop- 
ology,” by Prof. Arthur Keith. ^ 


' , «*at.wa; 01 lac rui 1 E.K 

A h ! ISFfi be a folly* Ratified ‘Physical ^Chemist 

ill be required to work in the 


- — r-— -Kt^«uicu must DC a TUIT 

•b'Kb University Degree. He will be required to work in 
School under the direction of Dr. Mellor, and scq^Sint 

oiogy, oy rroc. Airnur Keitb. I Jk* manufacturing conditions of the industry - bu?in the * *** 

Wednesday, X3th.-Royal Society of Arts, 4 30. “The Relations 1 not be expected to possess s technici 7 knowledgeof fi the Pot a t^ 

between Capital sad Labour — Reasonable I lndu * tr y- Commencing sslsrv fean n « . nn » m ^gew the Pottery 

Hnitpa rA.nstfosMkm J d/c • „ . 


rr ~ uuu ArAvuuf — ivcasonioie 

Hours, Co-partnership, and Efficiency,” by 
Lord Leverhulme. 

Thursday, 14th.— Royal Institution, 3. " Three French Moralists snd 
their Influence on the War— La Rochefoucauld.” 
by Edmund Gosse, C.B. 

Royal Society of Arts, 4.30. “The Hide Trade 
and Tanning Industry of India,” by Sir Henry 
Ledgard. 

Royal Society. “ Artificial Production of Echino- 

deim Larvw with Two Water-vascular Systems, 
and also of Larve devoid of a Water-vascular 
System,” by E. W. MacBride. “Quantitative 
Differences in the Water-conductivity of the 
Wood in Trees and Shrubs," by J. B. Farmer. 

Efficiency of Muscular Work,” by Cant. M 
Greenwood. 

Feiday, 15th -Royal Institution. 5.30. “The Mechanism of the 
Heart,” by Prof. B. H. Starling. 

Batubday, 16th.— Royal Institution, 3- " Problems in Atomic Struc- 
ture,” by Sir J. JT Thomson. 
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THE 

INFLUENCE OF CARBON MONOXIDE ON THE 
VELOCITY OF CATALYTIC HYDROGENATION.* 
By EDWARD BRADFORD MAXTED, Ph D., B.Sc. 

While the inbibitive action of carbon monoxide on 
catalytic hydrogenation ia well recognised, comparatively 
little has been published with regard to the quantitative 
side of the phenomenon. 

It is therefore proposed to give in the present paper a 
short account of the principal results obtained by the author 
in studying the effect of this impurity on the velocity of 
absorption of hydrogen by an unsaturated organic body in 
the presence of nickel. 

The subject possesses a particular interest by reason of 
the fact that hydrogen prepared commercially from water- 
gas contains as a general rule a small percentage of carbon 


theoretical reasons on account of its approximation to the 
glyceride of oleic acid. The revolts obtained emphasise 
the entire unsuitability for catalytic work of hydrogen con- 
taining even as small a proportion of carbon monoxide as 
one quarter per cent. 

The apparatus by means of which the measurements 
were made is one which bss been found very useful for the 
quantitative study of catalytic hydrogenatioo generally, 
and is therefore described in detail. It consists of a 
measuring burette a, containing hydrogen, and connected 
as shown to a second gss burette b. c is a drying tube 
containing calcium chloride and connecting a to the hydro* 
sanation vessel m, which contains olive oil and catalyst. 
The hydrogenation vessel is shsken in an oil bath o by 
means of a shaker s. d is a three-way tap by means of 
which the apparatus is filled with hydrogen. 

In order to ensure uniformity a considerable quantity of 
purest olive oil was refined by treatment with sufficient 
soda to neutralise its free fatty acids, the soao formed 
thereby being removed by washing with water. The pure 
neutral oil thus obtained was stored in a large bottle and 
was found to give identical results with standard pure 
hydrogen both at the beginning and at the completion of 
the series of experiments. 

The hydrogen mixtures were made up artificially from 
purest electrolytic hydrogen and carbon monoxide. The 



monoxide, and, indeed, the present work on the harmful 
effects of carbon monoxide content has been carried out 
in connection with an investigation of the possibility of 
preparing directly from water-gas hydrogen free from 
carbon monoxide. 

Reference may perhaps be made to a recent paper by 
K. A. Hofmann and H. Schibsted (B#r., 1916, xlix., 1663) 
on the retardation by carbon monoxide of the oxidation of 
hydrogen by chlorate solutions containing osmium oxide 
as a catalyst. The results, although obtained for a reaction 
of a different nature from that which is the subject of the 
present paper, are of considerable interest in connection 
with catalytic poisoning by carboo moooxide generally. 

The following results relate to the hydrogenation of 
olive oil by means of hydrogen containing various small 
quantities of c arbon monoxide, o l ive oil being chosen for 
• A Psper communicat e d 10 the Trams* turns of the Faraday Sot u y. 


carbon monoxide was prepared by the action of sulphuric 
acid on sodium formate, followed by absorption of any 
traces of CO* or SO* by means of soda lime, and contained 
usually about 2 per cent of hydrogen. 

In geoeral the pure hydrogen was contained in a glass 
gas bolder over boiled water, and to it added from a burette 
the quantity of carboo monoxide requisite to make up the 
mixture desired. 

The method of making each measurement was as 
follows : — 

Into the hydrogenation vessel m, disconnected for this 
purpose from its rubber connection, stock nickel cataly r t 
containing 0*1 grm. nickel was introduced, followed by 10 
grms. of the stock olive oil. m was then reconnected and 
the whole apparatus filled with the hydrogen to be tested. 
This was done by connecting the two branches of d to a 
Geryk pump and to the hydrogen gas holder respectively, 


Digitized by ^.ooQle 




74 Carbon Monoxide and the Velocity oi Catalytic Hydrogenation, t c *Fib C ^, 


and by taming the tap at d, alternately evacuating the 
system and filling it with hydrogen. The oil and cataVyst 
in m were found to give off considerable quantities of gas 
under the influence of the vacuum, and, in order to avoid 
excessive frothing, the first few evacuations were carried 
out with M out of the oil bath and consequently cold. As 
soon as the violence of the ebullition on evacuating had 
somewhat subsided, m was heated by being immersed for 
a short time in the oil bath o, this being previously heated 
to i8o° C. and maintained at this temperature by mcens of 




a 0*25 0*4 1 2 

Percentage of CO in Hydrogen. 

*ia. 3. 


the thermostat t. The system was again cautiously 
evacuated and filled several times. After the Anal filling 
the taps at h and k were opened for a moment in order to 
allow hydrogen to flow into a and b in sufficient quantity to 
fill these about two-thirds, d was now closed, h opened, 
and the hydrogen supply transferred from d to o, k being 
kept shut. Finally, m was adjusted at such a depth in the 
oil bath that it could be shaken without undue splashing, 
and the volumes of gas in a and 9 were read off. 

With the arrangement of three-way taps shown, there 
is no possibility of hydrogen entering the system A c M 


directly by inadvertently turning the tap in the wrong 
direction in the course of the experiment. 

The shaking was carried out at a constant rate of 480 
double strokes per minute, this high speed being chosen in 
preference to a lower one since it was noted that the higher 
the rate of shaking the less the influence of small per- 
centage changes in the speed of the driving motor or of 
small variations in the degree of belt slip. The speed of 
shaking was, however, carefully checked from time to 
time in the course of each experiment, and the regular 
corves obtained bear witness to the constancy of this and 
other conditions. 

The experiment was in every case started by switching 
on the current to the shaker simultaneously with starting 
the timing watch, and it was observed that the absorption 
obtained during the first few minutes was as a rule less 
than that required by the complete curve. This preliminary 
period is probably caused by the necessary preliminary 
penetration of the hydrogen to the nickel/oil surfaces 
which form the seat of the reaction. 

The absorption of hydrogen by the oil in m is followed 
by the movement of the water in a. As soon as the hydro- 
gen in a is almost exhausted, the tap k is turned, s is 


600 



Time in Minutes. 
Fio. 4. 


raised, and the gas in b allowed to flow completely into 
the closed system mca, the volume of this addition being 
noted, b is refilled with hydrogen from o, this volume 
being added to the shaking system as and when required 
by the hydrogen absorption. The shaker is, of course, 
run continuously, and the hydrogen absorption read off 
from a at suitable intervals of time, taking into considera- 
tion the volume added from b. 

Working in this way the series of results shown in 
Table I. was obtained, the temperature being in every case 
180° C., the quantity of oil xo grms., and the nickel con- 
tent of this 0*1 grm. 

The measurements were in .each case taken for a run of 
one hour, this period being, iii the case of pure hydrogen, 
sufficient for the introduction of approximately three- 
quarters of the hydrogen required for complete saturation. 

These results are shown graphically in Fig. 2. From 
the very considerable depression of the original curve pro- 
duced by the presence of even 0*25 per cent of CO in the 
hydrogen it will be seen that, if hydrogen containing carbon 
monoxide is to be used for the hydrogenation, an operation 
of several hours at least is necessary in order to introduce 
into the oil the volume of hydrogen absorbed in one boor 
if pure hydrogen is employed. 
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Table l,— Hydrogin Absorption in cc . 


Time in 

Part 

Hydrogen 

containing 

Hydrogen 

containing 

Hydrogen 

containing 

Hydrogen 

coalmining 

minute*. 

hydrogen. 

0,5 JK! 

cent CO. 

o jper 
cent CO. 

t*o per 
cent CO. 

a*o per 
cent CO. 

2 

350 

308 

271 

25*0 

6*o 

5 

864 

7**3 

66*6 

57*6 

28*1 

10 

*434 

121*8 

III*2 

92*6 

57 *o 

*5 

*93 9 

1586 

I 42'2 

**5*5 

76*2 

20 

2479 

193*1 

168*4 

*359 

91*2 

*5 

2989 

224*6 

191 6 

1510 

*034 

30 

3484 

* 5*4 

213*0 

164*2 

113*8 

35 

39*0 

* 79 * 

232*2 

* 79*5 

122*2 

40 

437 '* 

305 1 

249-8 

193*0 

130*4 

45 

4789 

3*84 

266*2 

202*9 

138*6 

50 

5 * 5 '° 

35* 6 

281*2 

*14*5 

* 45*9 

55 

550-0 

3738 

295-8 

224*8 

152*6 

60 

5845 

393 8 

3096 

* 35 * 

158*8 


An interesting result is obtained by plotting the total 
hydrogeo absorbed in one boor against the percentage ot 
carbon monoxide contained in the hydrogeo abeorbed 
(see Fig. 3). From this it will be seen that the first traces 
ot carbon monoxide are comparatively the most harmful 
and that the inhibitive effect of successive incrementa in 
the carbon monoxide content decreases as the amount of 
carbon monoxide in the hydrogen increases, as shown by 
the rapidly decreasing slope of the curve with increasing 
carbon monoxide content. 

The real poisoning effect of the various proportions of 
carbon monoxide, as distinguished from the purely 
obstructive or diluting action capable of being exerted by 
any foreign gas which, accumulates in the gas space in the 
absorption vessel m and obstructs by its presence the free 
ac ces s of fresh hydrogen to the oil, may easily be obtained 
by calculating this diluting effect theoretically and sub- 
tracting this value from the total effect observed experi- 
mentally. 

The following theoretical calculations of the retarding 
effect of the accumulation of a non-poison ous diluting gas 
is based firstly on the fact that the absorption of hydrogen 
by an unsaturated liquid, such as olive oil, in the presence 
of a catalyst conform to the usual velocity law for mono- 
molecular reactions (Fokin, Joum. Russ. Chum Phys . Soc, 
1908, xl., 276), and, secondly, that the velocity of 
absorption of hydrogen, in addition to following the above 
law, has been found by the author, in the course of an 
investigation of the effect of diminished hydrogen pres- 
sure on the reaction coostant, to be approximately directly 
proportional to the hydrogen pressure for partial pressures 
of the order with which we are here concerned. 

We have accordingly— 


dt 




(I). 


Where x is the volume of hydrogrui absorbed by the 
10 arms, ot oil after time /, « the original hydrogen value 
of (or total volume of hydrogen absorbable by the qoantity 
of oil taken), k the reaction constant, and f the partial 
pressure of the hydrogen in the free gas space above 
the oil. 

If the hydrogen used contains m per cent of gaseous 
impurity then the volume ot impurity remaining in the 
shaking vessel after a volume x of hydrogen has been 
absorbed by the oil is— 

tux 


Accordingly, if V be the total gas space above the*il in 
the shaking vessel, a volume equal to — 


remains for the impure hydrogen, which, together with the 
Accumulated impurity arising from absorbed hydrogen, 
o c c upies the gas space V. This volume of impure hydrogen 
win cootain a fraction represented by— 


of pure hydrogen. 
The 


100 

100 


m /y __ mx \ 
V 100 m ) 


(w . “_y 

\ 100-m / 


partial pressure of the hydrogen in the gas space 
is therefore — 

100 -m 
100 V 

Substituting this expression for p io equation (1), we 
have— 

ix i(ioo-m) / v _ _«* \ (4 _ x)i 

100 V \ too — m / 


dt 


which becomes on iotegratioo — 

log* 2,IWr -( + v)-p 

** 100 -m \ 100-m / 

- - — I 

+ y) + t 

' ( 


tux __ / 

)-n V 


k'Uxoo-m) 

100 V , 


( 


+ v 


2 tUX 

100-m \ 100- 

+ v)-f 

IOO -tu / 

am 

too — tu 

for cases where — 

(_■* + vV - mi 

\ 100-m / 23 

has a positive value designated for convenience by p*, 
from which, by solving for the vetoes of x corresponding 
to time /, the theoretical absorption corves can be drawn. 

For the series of experiments given above V is 12*14 cc., 
a is approximately 800 cc. for 15° C. and 760 mm. pres- 
sure, while k t calculated by applying the ordinary mono- 
m ocular equation to the curve obtained for pure hydrogen, 
is approximately 0*0197, Napierian logarithms being 
employed. 

The following table summarises the results of calculating 
the theoretical absorption curves according to the method 
described above:— 


Time in 
minutes. 

20 

40 

60 


Table U.— Hydrogen Absorption in cc. 


0*35 per cent 
dilottnggee. 

*54 

421 

533 


or* percent 
diluting gee. 

248 

4©7 

3*4 


1*0 per cent S o per cent 
diluting gee. diluting gee. 


236 

378 

47 * 


213 

3*4 

39 * 


These corves, together with the theoretical curve for pure 
hydrogen according to the equation — 

£ * 

are shown graphically in Fig. 4, which is on the same 
scale as Fig. 2. 

On comparing the two sets of curvet it will be seen firstly 
that the poisonous effect of carbon monoxide is far greater 
than the portly obstructive effect obtainable by the pretence 
of a non-poisonooa diluting gas in the hydrogen, and, 
secondly, that the theoretical pure hydrogen curve in Fig. 4 
calculated for 0*0197 agrees quite well with the pure 
hydrogen curve obtained experimentally. 

Summary, 

The inhibitive effect of carbon monoxida baa been 
studied from a quantitative standpoint for the hydrogena- 
tion of so unsatorated glyceride io pretence of finely 
divided nickel as a catalyst. 

A very marked poisoning influence was observed, and 
this poisoning effect waa differentiated from the calculated 
obstructive effect of the impurity. It being found that 
the first traces of carbon monoxida have relatively the 
greatest retarding infloencs on the velocity of hydro- 
genation. 

A detailed description is also givsn of an apparatus for 
following quantitativtly the course of cstslytic hydrogena- 
tion reactions generally. 
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THE CONSTITUTION AND HYDRATION OF 
PORTLAND CEMENT.* 

By A. A. KLEIN (Worcester, Mass.). 

(Concluded from p. 64). 

Hydration of Portland Cement. 

Having investigated the constituents of cement, the 
Bureau of Standard undertook to study the hydration of 
each and every constituent for the purpose of shedding 
light on the chemical and physical nature of setting and 
hardening and the nature of the role that each constituent 
played in these processes. 

This solution of the problem went hand in hand with 
the determination of the constitution of cement. Vicot, as 
has been stated previously in this paper, observed the 
difference between it and the setting of lime plasters. 
A clearer conception of the processes was obtained 
by Le Cbatelier, Richardson, and others using micro- 
scopic methods. Le Cbatelier considered that the 
aluminate of lime in contact with water hydrated 
and hardened like plaster, according to the equation 
3Cs0.Ala03-f i2HaO-3CaO.AlaC>3.i2HaO. 

To this action was ascribed the initial set of the 
cement. The later hardening was ascribed, however, 
to the decomposition of the lime silicate. In con- 
tact with water it sets so as to give hy- 
drated monocalcic silicate crystallising in micro- 
scopic needles and calcium hydroxide crystallising | 
in large hexagonal plates according to the equation 
3Ca0.Si0 2 +H 2 0-Ca0.Si0 2 .2jH 2 0+2(Ca0.H 2 0). 

In the investigations of the Bureau of Standards the 
following compounds were synthesised and studied micro- 
scopically for time of hydration and for products of hydra- 
tion under various conditions of temperature and pressure 
of the reacting water, 3CaO.S0 2 , 0 - aCaO.SiO*. 
7-2CaO.StO*, CtO SiOa, 3Ca0.AI 2 0 3 , 5Ca0.3Al 2 0 3 , and 
Ca0.Al 2 03. In addition to this, the hydration of mixture 
of two and three of these as well as of cement were 
studied microscopically (Klein and Phillips, Bureau of 
Standards, Technical Paper No. 43). This work was con- 
tinued, and sufficient quantities of these products were 
made to test the compounds and mixtures for time of se r , 
tensile strength, &c. {Ibid,, No. 78). The results of the 
above investigations have clarified the action of the 
different cement minerals on hydration and their influence 
on the strength of the hardened cement. The results 
may be briefly enumerated. 

At early periods the constituents of Portland cement of 
normal composition and manufacture in the order of their 
strength-conferring properties are : The calcium silicate, 
tricalcium aluminate, and dicalciom silicate. 

With an excess of water, tricalcium aluminate. hydrates 
as the compound 3CaO.Al 2 (>3.;rH 2 0, where x varies with 
the drying conditions. 5 : 3 calcium aluminate and mono- 
calcium aluminate, on hydrating, split off amorphous 
hydrated alumina and form the hydrated tricalcium 
aluminate. Under conditions of limited water such as 
encountered in concrete structure, the above crystallised 
compound does not form immediately, but separates from 
solution as an amorphous material. In steam at atmos- 
pheric pressure a little crystalline aluminate is formed 
with the amorphous material, still more in the autoclave, and 
finally, on microscope slides, the hydrated tricalcium 
aluminate is entirely crystallised. Wherever the amor- 
phous aluminate is formed, it slowly but eventually changes 
to the crystallised compound. 

The hydration of the aluminates begins readily in all 
cases. With an excess of water the reaction progresses 
rapidly, and in a few days the aluminates are completely 
hydrated. With restricted amounts of water, however, 
the individual aluminate grains become coated with amor- 

* A contribution to a General Discussion on “ The Sitting of 
Cements and Plasters/ 1 taild by the Faraday Soc : ety. January 14, 
1918. 


phous hydrated aluminate through which further action 
proceeds with more or leas difficulty. Tricalcium aluminate 
when used alone sets too rapidly and attains too little 
strength to be of any commercial value as a hydraulic 
cementing material. 

The tests in steam at atmospheric pressure showed that 
the weakly basic aluminates do not absorb water above 
xxo° C., while the more basic aluminates absorb water up 
to 140° C. Furthermore, a specimen of tricalcium alumi- 
nate containing high-burned free lime absorbs water even 
at 175 0 C. 

The nature of the calcium hydroxide, formed by the 
hydration of free lime with much water, depends upon the 
fineness of the lime grains and the burning temperature. 
With coarser lime grains and with highly burned lime the 
hydration produces a preponderance of crystallised calcium 
hydroxide. On the other band, with fine lime grains and 
with low-burned lime, mainly amorphous hydroxide is 
formed. Calcium hydroxide crystals are much more in- 
active chemically than the amorphous variety. White's 
solution, which attacks the amorphous hydroxide almost 
instantly, reacts extremely slowly with the crystals. In 
the autoclave the amorphoos variety is not changed, 
whereas free lime yields according to its fineness and 
burning temperature crystallised and amorphous hydroxide. 
The crystals here often grow to large sise, depending upon 
the length of time of reaction, the temperature, and the 
pressure. 

The hydration of the aluminates in limewater reveals 
the same compounds as in distilled water. No new type 
of crystals which might indicate hydrated tetracalciom 
aluminate was observed. There does seem to be an 
action, however, between the hydrated alumina split off 
and the calcium hydroxide of the solution, resulting in a 
greater development of crystallised hydrated tricalcium 
aluminate. 

Aluminates hydrated in the autoclave with an excess of 
limewater give no new type of compound. The plate 
crystals of hydrated tricalcium aluminate are rather poorly 
developed. The addition of dry calcium hydroxide up to 
50 per cent decidedly retards the crystal growth of the 
aluminates in the autoclave. 

The first effect of gypsum solution on the aluminates is 
to retard the formation of amorphoos hydrated material 
and keep the pores of the material open to the further 
penetration of water. Specimens hydrated in saturated 
gypsum solutions show the highest ignition loss after six 
days. The products of hydration are the same as those 
with distilled water, with the exception of the additional 
formation of sulpho-aluminate needles. This new com- 
pound it identical for all three aluminates, and its formula 
is 3Ca0.Al 2 03 3Cab0 4 .xH 2 0. The formation of this 
compound is only incidental to the initial set, and not the 
cause of its retardation, since the compound is formed 
before, during, and after the set. Variation of the gypsum 
content above and below a certain definite concentration 
causes a decrease in the setting time. Tricalcium alumi- 
nate containing 10 per cent plaster gains practically no 
strength after the first period at which it was tested, that 
is twenty-four hours. 

The problem of initial set is probably one involving the 
action of small amounts of electrolytes in retarding the 
coagulation of the amorphous aluminate material. The 
evidence is in favour of the fact that the aluminates 
coagulate and separate as amorphous bodies from super- 
saturated solutions, the rate of coagulation being affected 
by such small quantities of electrolyte as to preclude the 
possibility of the reaction being solely a chemical one. 
Thus with a certain and definite concentration of gypsum, 
maximum hydration is attained, and at the same time 
the rate of coagulation is retarded, increasing the time of 
set. 

The sulphoaluminate crystals are broken up in the auto- 
clave, as is also gypsum. Club-shaped crystals are noted 
with optical constants that suggest a composition between 
[ gypsum and anhydrite. With higher temperatures and 
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pressures water is even driven out of the amorphous 
hydrated aluminate. Gypsum fsvoors the growth of 
hydrated tricalcium aluminate crystals in the autoclave. 

Calcium metasilicate, as well as y-calciom orthosilicate, 
is practically inert with regard to hydration. /8-calcium 
orthosilicate is but slightly hydrated in water, until after a 
considerable length of time. This is manifested by a 
slight etching of the grains and the formation of a small 
amount of amorphous material, and crystallised calciom 
hydroxide. This cement mineral sets too slowly and 
attains strength too slowly to be of any commercial value 
when used alone, although at periods beyond twenty- 
eight days it gains sufficient strength to place it almost on 
an equality with tricalcium silicate. In mixtures of the 
0-orthosilicate and the a laminates the latter show some 
hydration, while the former is unhydrated after twenty- 
four hours, at which time cements are exposed hydrated, 
and the silicate shows quite a little hydration. The slides 
of 0-calcium orthosilicate and aluminates indicate that 
the hydration of the aluminates proceeds as previously 
noted. Strength tests on briquettes of orthosilicate con- 
taining about iq per cent of tricalcium aluminate (which is 
approximately the amount of aluminate present in cement) 
show that the Utter adds somewhat to the strength of the 
former at later periods. 

Homogeneous tricalcium silicate was not obtained, the 
most satisfactory product containing an extremely small 
amount of free lime, 0- orthosilicate, and*tricalcium alumi- 
nate. Tricalcium silicate acts entirely differently from 
either 0-ortboeilicate or mixtures of 0-orthosilicate and 
lime, with respect to hydration. It hydrates readily with 
excess of water, with limited water, and in the autoclave. 
The products of hydration are identical, and consist of 
calciom hydroxide crystals and amorphous hydrated 
silicate. No hydrated calcium meta-silicate needles are 
observed. It sets hard in five hours, and possesses all the 
important properties of Portland cement, especially those 
of the rate of setting and strength developed. It shows 
no sign of disintegration after twenty-eight days in water 
and in the autoclave test. Here the sise of the calciom 
hydroxide crystals depends upon the pressure. In general 
the greater the pressure the larger the crystals. Mixing 
tricalcium silicate with 0-calcium ortbosilicate has no 
favourable effect on the bydratioo of the Utter. 

Mixtures of tricalcium silicate and the aluminates 
gauged with water, limewater, and plaster solution show 
first the beginning of hydration of the aluminate, followed 
shortly by the hydration of the silicate. Tricalcium 
aluminate when used to replace 19 per cent of tricalcium 
silicate docs not add to the strength of the latter, showing 
rather a tendency to decrease it at later periods. 

The hydration of cements is thus brought about by the 
formation of amorphous bydiated tricalcium aluminate 
with or without amorpboos alumina, the alumina later 
crystallising. At the same time sulphoaluminate crystals 
are formed, and low-burned or finely ground lime U 
hydrated. The formation of the above compounds begins 
within a short time after the cement U gauged. The next 
compound to react is tricalcium silicate, whose hydration 
begins within twenty-four boors. Between seven and 
twenty-eight days the amorpboos aluminate commences to 
crystallise and 0 -orthosilicate begins to hydrate. Although 
the latter is the chief constituent of the American Portland 
cements, it is the least reactive compound. The early 
strength (twenty-four hours) of cements is probably doe 
to the hydration of free lime, the alumioates, and the 
beginning cf tricalcium silicate hydration. The increase 
in streogth between twenty-four hours and seven days 
depends upon the hydration of tricalcium silicate, although 
the further hydration of aluminates may contribute some- 
what. The increase between seven and twenty-eight 
days is doe to any further hydration of tricalcium silicate 
and to the beginning of hydration of 0 calciom orthosilicate, 
but here are encountered opposing forces, in the hydration 
of any high-burned free lime present and in the crystallisa- 
tion of the aluminate. It is to this hydration that the 


falling off in strength between seven and twenty-eight 
days of very high-borned high-limed cements is due, 
whereas the decrease shown by the high-alumina cements 
is due to the crystallisation of the aluminate. 

The dicaldum silicate hydrates to a very granular 
porous mass which allows of ready egress of solutions, 
and while it is chemically more resistant to the actions of 
solutions than the tricalcium silicate, yet it furnishes a 
great number of voids in which salts may crystallise out of 
solution, and it is consequently very little able to resist 
the mechanical action of the “f reefing out * (crystallisa- 
tion) of salts from solution. 

On the other hand, the hydrated tricalcium silicate with 
its very dense structure, composed of gelatinous (colloidal) 
silicate interspersed with crystals of lime hydrate, is pro- 
bably very susceptible to strains produced by alternate 
wettings and dryings, colloidal material of this kind being 
subject to considerable volume change resulting from 
slight moistore changes. 

It appear, therefore, that the composition of Portland 
cement should be along lines which would not produce a 
great preponderance of either silicate. The ideal cement 
should (mssibly have an excess of the dicalcium silicate, 
which would give a not too dense hydrated material, 
gaining strength at later periods. A lesser amount of the 
tricalcium silicate would furnish the desired early strength 
and also overcome the excessive porosity of the dicalcium 
silicate. 

It is possible to make a cement that will have the pro- 
perties of Portland cement by grinding together the pre- 
viously separately burned constituents in approximately 
the amounts in which they exist in Portland cement. 

The function of tricalcium aluminate in the finished 
cement is somewhat problematical. A cement with less 
than 1 per cent of alomina has all the properties of Port- 
land cement. Such a cement is, however, not a commercial 
possibility from the manufacturing standpoint, on account 
of the temperatures and amount of borntng involved. It 
appears, therefore, that the aluminate in the finished 
cement is of the nature of a diluent or inert material, 
although it plays an important role in lowering the tem- 
perature of formation of trisilicate when the clinker is 


THE VISCOSITY OF BLAST-FURNACE SLAG 
AND ITS RELATION TO IRON METALLURGY, 
INCLUDING A DESCRIPTION OF 
A NEW METHOD OF MEASURING SLAG 
VISCOSITY AT HIGH TEMPERATURES.* 

By ALEXANDER L. FEILD, B A., M S. (North Carolina). 
Aaaiaunt Metallurgist, United States Bureau of Mines, Pittsburgh, Pa, 

(Concluded from p. (7)- 

Op {ration and Manipulation 0/ Apparatus. 

The method of using the apparatus is as follows:— 175 
gems, of slag is placed in the graphite crucible. This quantity 
of slag when ground to 100 mesh, approximately fills the 
crucible. Although the height of the crucible internally is 
3 in., the slag after having being melted and cooled forms a 
cylinder only about i£ in. in length. The crucible con- 
taining the slsg is properly placed, and the opper remov- 
able part of the furnace is fixed in position. The crucible 
is then rotated, and the furnace is heated at such a rate 
that at the end of about an hour and a-half the slag 
reaches a temperature of 1200° C. The rate of heating is 
then decreased in order that the large mass of slag may 
acquire the temperature of the beating tube and diminish 
the lag effect. When the slag has become sufficiently 
fiuid, as determined by several tentative lowerings of the 
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viscosity spindle, the suspension system is carefully 
lowered until the viscosity spindle tests on the bottom of 
the crucible. During this operation the rotation of the 
crucible is stopped in order to avoid the possibility of 
breaking the graphite spindle while it is being introduced 
into the viscous slag. The spindle is then raised exactly 
o'5 cm. above the bottom of the crucible, the adjustment 



Fig. 4. — Temperature-viscosity relations of an artificial 
diopside. 



Fig. 5. — Relations of temperature to fluidity and viscosity 
shown in experiment with slag No. 22954. 

being made by means of the scale in the apparatus 
support. 

After the suspension system has been lowered and the 
depth of the viscosity spindle adjusted the temperature 
of the slag is slowly raised at a rate of 2-5 0 C. 
per minute, the temperature and scale deflection being 


noted at approximately regular intervals. When the 
highest temperature desired, usually 1500 — 1600° C., is 
reachtd, the heating current is so adjusted that the 
furnace cools at approximately the same rate that it was 
heated. Readings of deflection and temperature are 



Fig. 6. — Relations of temperature to fluidity and viscosity 
shown in experiments with slag No. 22958. (This 
figure was inserted in error as Fig. 4 at p. 65). 



Fig. 7.— Relations of temperature to fluidity and viscosity 
shown in experiments with slag No. 23663. 

taken until the maximum deflection (corresponding to a 
viscosity of 2000—3000) is reached. The spindle is then 
raised out of the slag before the latter becomes bard enough 
to prevent withdrawal. 
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Regulation of Speed of Rotation . — The electric motor 
used in routing the furnace abaft was operated by a no- 
volt storage battery, and ahowed a remarkably constant 
aoeed, which could be controlled by means of a rheostat. 
Tbe time required for at least 30 revolutions of the shaft 
was taken by means of a stop-watch a number of times 
during each experiment. Tbe slow speed of the furnace 
shaft (about 1 revolution per second) was obtained by 
means of suitable countershaft and pulleys between the 
motor and the furnace shaft. 

Calibration of the Viscosity Apparatus . — The viscosity 
apparatus is calibrated against pure castor oil whose 
viscosity at ordinary temperatures is known. This method 
of calibration has been generally used by previous in- 
vestigators, particularly by Doelter and Arndt. 

Kahlbaum and Raber (87) have found that the viscosity 
of castor oil in C.G.S. units (100 times as large as those 



Fro. 8. — Relations of temperature to fluidity and viscosity 
shown in experiments with slag No. 2296b. 

referred to water at 20° C.| could be expressed for tem- 
peratures between 5 0 and 21° C. by the equation. 
u*59'3 01 c.- 0 -woi. When t equals 20*5° C., n is equal 
to 9*297, or to 9297 of the smaller units that are used 
exclusively hereafter in this report. Arndt (88) obtained 
measurements upon a sample of pure castor oil which 
agreed with those calculated by means of the above 
formula of Kahlbaum and Raber. 

Tbe sample of castor oil used by the author was 
apparently of high purity, was colourless, and as used was 
free from air bobbles. The experimental results obtained 
in a calibration at 20*5° C. are given in Table V. 


Table V. — Calibration Data. (Distance of Scale from 
Mirror , 87 cm.). 


Seals dcflactioo. 
Mm. 

57 

62 

73 

85 

105 

no 

118 


Time of 1 revolution 
of crucible. 

Second*. 

1*90 

*77 

**45 

124 

I 04 

0966 

o 890 


07 

I 25 
I 26 
121 
121 
1 25 
1 22 
1*21 


A similar calibration with castor oil was made at 26° C. 
The viscosity calculated by means of a formula given by 


Kahlbaum and Riber for this temperature amounted to 
394*4. Tbe viscosity calculated from the calibration data 
obtained at 20*5° C. gave a value of 390*8. This agree- 
ment was considered satisfactory. 

The temperature of the castor oil waa in each case 
measured by means of a calibrated copper-constantan 
thermo* couple and a Wolff potentiometer. 

Method of Calculating Results. 

In a determination of slag viscosity a record was made 
of the temperature of the •lag. the scale deflection, tbe 
distance of tbe scale from the mirror, and the speed of 
rotation of tbe furnace shaft. The values of K, repre- 
senting a scale deflection in mm. at a distance of 1 cm. from 
the mirror at a speed of rotation of 1 revolution per second, 
were calculated in a manner similar to that used in tbe 
calibration data of Table I. For a spindle and suspension 
calibrated as described, the viscoeity of the slag at various 
temperatures can be calculated by dividing the slag value 
of K by the observed castor oil constant and multiplying 
the result by 9297, tbe viscosity of castor oil at 20*5° C. 

Results of Viscosity Measurements. 

Tbe results of viscosity measurements on eight different 
slag samples (Lab. Nos. 22954, 22962, 22958, 22963, 
24016, 23663, 22960 and 22968) are given in Table Vi. 
for tbe temperature range 1275—1575'* C. The composi- 
tion of the slags is shown by tbe results of chemical 
analyses given in Table VII. 

Tempera ture-v scosity cuives were plotted, as shown in 
Figs. 5 to 8. The curves closely approximate in form a 
rectangular hyperbola. These curves contain all the 
experimentally determined points representing the tem- 
perature-viscosity relations observed in the heating and 
cooling of the slag sample. In this way any possible dif- 
ferences in tbe apparent temperature of the surface of the 
slag as measured by tbe optical pyrometer and the actual 
temperature within the slag mass are brought to light. 
On account of this fact, a smooth curve drawn through 
all tbe points most represent very closely tbe ideal con- 
ditions desired, the deviations tending to neutralise ooe 
another. 

Table VI . — The Viscosity of Typical Blast furnace 
Slags at various Temperatures. 

(H a O at 20 0 C. - I). 


Temp. 

‘C. 



Viscosity of slag, Lab. No.— 



** 954 - 

22962. 

22958- 

22963. 

24016. 

23683 

22960. 

22968. 

1275 

— 

— 

— 

I400 

2600 

— 

— 

— 

1300 

— 

— 

1700 

1000 

1500 

— 

1900 

— 

*325 

— 

— 

1060 

820 

1080 

2000 

1100 

3000 

* 35 ° 

2600 

— 

800 

680 

800 

74 ° 

840 

1800 

*375 

1150 

— 

640 

54 ° 

620 

560 

640 

1220 

1400 

75 ° 

3000 

510 

460 

5 °° 

48a 

510 

1000 

1425 

54 ° 

580 

420 

400 

420 

4 *° 

44 ° 

820 

* 45 ° 

410 

480 

35 ° 

35 ° 

35 ° 

360 

380 

680 

*475 

320 

4*5 

300 

310 

290 

3 °° 

32 ° 

580 

1500 

230 

380 

260 

280 

250 

250 

280 

480 

*525 

160 

34 ° 

225 

250 

230 

200 

240 

400 

* 55 ° 

— 

290 

— 

220 

205 

— 

— 

34 ° 

*575 

— 

— 

— 

- 

— 

— 

— 

3 «° 


The temperature-fluidity curves for the four stags men- 
tioned are also given in Figs. 5 to 8. The values were 
calculated by means of the familiar relation, Fluidity — 
1 /Viscosity. As was to have been expected from the 
general shape of tbe viscosity curves, the curves repre- 
senting the fluidity at various temperatures approximate 
in form a straight line. 

The actual experimental data obtained in the case or 
slag No. 22958 are given in Table VIII., which contains 
re*ults obtained with rising and falling temperatures. 
Duplicate determinations on separate samples of slag 
gave results which agreed well within the known errors 
of measurement. 
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Table VII . — Results of Analysis of the Right Slags . 


Lab 






Composition of slag- 

-Percentage of— 




Ta#oI 

No.' 

SK>i. 

Al*Os. 

^FsaOs." 

FtO. 

Fe. 

TiO*. 

CaO. 

MgO . 

MnO. 

CaS. ~ 

Alkalis. 

Moisture. 

A (Htl* 

22954 

18-30 

35-30 

0*00 

0*47 

0*05 

0*58 

3**24 

969 

035 

407 

0*50 

0*02 

100*57 

22962 

3* '54 

*479 

0*00 

0*07 

0*22 

0*29 

47 65 

i*8o 

0‘2C 

3*56 

— 

0*10 

100*23 

3*958 

33'67 

26*62 

0*00 

0*28 

0*51 

0*28 

2667 

6 43 

O33 

4*86 

— 

0*12 

99 77 

22963 

34*7 

*378 , t 

0*00 

0*07 

0*28 

0 56 

4* *30 

6*39 

055 

3*35 

— 

0*04 

100*59 

240x6 

3576 

13 36 ( a \ 

— 

— 

— 

— 

42*11 

3*94 

0*49 

370 

— 

— 

99*36 

23663 

36-04 

12*10 (a) 

— 

— * 

— 

— 

4204 

403 

0*35 

3*92 

— 

— 

9848 

22960 

37 'i 8 

11*46 

0*00 

0*31 

0*11 

052 

25 33 

19*58 

2*21 

3 * 5 * 

— 

0*04 

100*25 

22968 

4356 

9-48 

0*00 

0*21 

0 38 

0*19 

4018 

2 08 

0*21 

275 

0*52 

0*05 

99*59 


(a) Inclodea Fe and FeO as Fe 2 0 3 . 


Table VIII . — Comparison of Viscosity Values obtained 
with Rising and Falling Temperatures. 

(Results obtained in experimenta with elag designated 
Lab. No. 22958). 


Rising temperature. Felling temperature (a). 


Tempera- 


Tempera- 


Tempera- 

' 

ture, *C. 

Viscosity. 

ture, °C. 

Viscosity. 

ture, °C. 

Viscosity 

1382 

605 

X292 

X940 

1382 

6l t 

1410 

5*3 

*297 

1707 

*387 

524 

* 4*5 

460 

X302 

1505 

1425 

446 

1425 

442 

13x2 

* 3*9 

*440 

375 



1322 

*074 

1466 

323 

*463 

320 

*337 

922 

1470 

304 



* 35 ® 

805 

1488 

285 

*473 

291 

*359 

728 

1525 

228 

15x0 

255 

1368 

689 




(a) Results are given in reverie order, for easy compari- 
son with results under 14 Rising temperature/* 


In Table IX. are given the results of duplicate deter- 
minations on slag No. 23663. The deflections observed 
with falling temperature are given for both slags, these 
deflections being proportional to the viscosity of the melt. 

Table IX .— Duplicate Measurements on Slag No. 23663. 


Temperature, 

°C. 

Original 

deflection. 

Temperature, 

c C. 

Duplicate 

deflection. 

1510 

26 

— 

— 

1487 

3* 

1487 

32 

1477 

34 

1474 

34 

1460 

3* 

— 

— 

*450 

39 

*450 

40 

*435 

40 

1440 

40 

*425 

42 

*430 

43 

1410 

44 

14x0 

45 

1387 

48 

*387 

48 

*337 

90 

*347 

82 


General Appearance of Slag Melts. 

When cold the slag was easily removed from the graphite 
crucible by pressing on the bottom of the melt through the 
hole into which the graphite crucible support is threaded. 
The slag on cooling shrinks away from the graphite crucible 
wall sufficiently to prevent objectionable binding and 
sticking. The melt as taken from the crucible is cylindrical, 
with an upper surface which is almost flat, as the viscosity 
at the moment when the spindle was withdrawn was not 
great enough to prevent the slag from flowing into the 
space previously occupied by the graphite spindle. 

Plate III. shows photographs of six fragments of slag 
melts after removal from the crucible. Samples Nos. 1 
and 3 (reading from left to right) are the upper and lower 
portions of the same melt (slag No. 22968). Sample No. 2 
is a fragment of melt from slag No. 22954, while sample 
No. 4, containing the lower end of a viscosity spindle em- 
bedded in it, is a fragment from a duplicate determination 
on the same slag. In this cast the spindle waa not 


removed soon enough, and in attempting to do so the 
shaft was broken off at the surface of the melt. Sample 
No. 5 is a fragment of the artificial diopside melt used in 
calibrating the black-body conditions of the furnace, as 
described hitherto. The crystalline structure of this melt 
is easily seen from the photograph. Sample No. 6 (on 
the extreme right of photograph) ia a fragment of a 
synthetic slag melt which does not differ considerably in 
composition from that of gehlenite, 2CaO.AlaO3.SiOa. 
The network of large crystals seen in the photograph of 
this melt are presumably crystals of gehlenite. 

Samples x to 4 also show the presence of numerous 
smaller crystals easily visible with the naked eye. 

However, the crystalline structure of the cooled slag 
was not studied systematically in connection with the 
experiments reported. 

The separation of metallic iron, owing to the strongly 
reducing atmosphere of the furnace, and the duration and 
intimacy of contact between molten slag and the furnace 
atmosphere, was frequently observed. These metallic 
globules were found mostly on or near the surface of the 
cooled melt ; some were 2 to 3 mm. in diameter. Their 
formation was only noted in the case of slags abnormally 
high in iron. 

Discussion of Experimental Measurements. 

The measurements described above give for the first 
time an accurate idea of the actual magnitude of the 
viscosity of blast-furnace slags in units which are capable 
of a physical interpretation, as well as of the rate of change 
of viscosity of different slags with temperature over a 
wide range of temperature and viscosity. 

If an average slag temperature of 1500° C. is assumed, 
an examination of the data given in Table V. discloses the 
fact that the viscosity of the normal blast-furnace slag as 
it flows from the cinder-notch approximates 250 (H a O at 
20° C. — x). This represents a viscosity less than that of 
castor oil at room temperature, but greater than that of 
olive oil. 

The viscosity of the eight slags considered in Table V., 
at a temperature of 1500° C., varied from 230 to 480. A 
synthetic slag, upon which measurements have been 
recently made, showed a viscosity of 770 at 1500° C., this 
slag containing 48 percent silica ; while reference to Fig. 4 
shows that at this temperature the artificial diopside con- 
t lining 55 per cent silica had a viscosity of 640, The effect 
of silica in such amounts upon the viscosity of silicates at 
temperatures above their melting-points is thus clearly 
demonstrated, the increase In viscosity over that of normal 
slags being marked, even in the case of diopside, which 
contains no alumina and a high percentage of 
magnesia. 

It would seem that even such high percentages of 
alumina as are present in the slag designated Lab. No. 
22954, although causing a high initial softening tempera- 
ture, do not have a very noticeable effect in increasing the 
viscosity of the melt at high temperatures. This peculiar 
property of alumina, which may be a quite general 
characteristic, is probably associated in some manner with 
the uncertainty of ita action within the furnace. 
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CompaHion of Viscosity Measurements with Cons Tuts, 
It was thought a matter of interest to compare the 
results of viscosity measurements with cone tests made 
with corresponding slags. The cone tests were made, as 
has been previoosly described, under conditions which 
converted the snlpbide content of the slag to the state of 
the sulphate. For this reason the comparison is not a 
strict one. In Table X. is given in relative order the 
softening temperature of six slags and their viscosities at 
1400 9 , 1 450°, and 1500° C. 


Table X. 


S tee 

Lab/No. 

Softening 

temperature. 

Viscosity at— 

_ __ 

c C. 

i 4 oo\ 

1450 . 

1500 ". 

2.958 

1279—1279 

iooo 

680 

480 

22960 

1297—1300 

5*o 

380 

280 

22958 

1342-1342 

5*o 

35o 

260 

22963 

* 343 - 136 ° 

460 

35o 

280 

**954 

I410— 1410 

750 

410 

230 

22962 

*403-1443 

3000 

480 

380 

The method of preparing and mounting the test piece in 

the determinations of softening 

temperatures has 

been 


previoosly described (89). 

Summary. 

1. There has been described a modification of the 
torsion method of Mar gules which is applicable to the 
measurement of the viscosity of blast-furnace slag at high 
temperatures — the upper limit of temperature, 1600° €., 
being imposed by the furnace refractories and not by 
inherent limitations in the viscosity apparatus. 

2. Viscosity values are given for eight commercial slags, 
two synthetic slags, and an artificial diopside. 

3. The temperature-viscosity curve approximates in 
form that of the rectangular hyperbola, whereas the 
temperature-fluidity curve, being the reciprocal of the 
temperature-viscosity curve, approaches a straight line in 
form. 

4. The average viscosity at 1506° C. of eight commercial 
slags was found to be 301 (HjO at 20° C. - 1). 

5. A refractory slag— that is, a slag possessing a high 
initial softening temperature — is not necessarily more 
viscous at high temperatures than a more fusible slag. 

6. The theory of the method of measurement has been 
discussed, and the literature on slag viscosity and high 
temperature viscosity measurement has been briefly 
reviewed. 

7. The application of viscosity data to metallurgical 
operations has been discussed, as well as the blast-furnace 
desulphurise tion process and its relation to slag viscosity. 

8. The differences between softening temperature deter- 
mined by a deformation method, the physical melting- 
point of slags, and the viscosity of slags have been 
emphasised. 

9. The nature of the free-running temperature of slags 
and the measurement of slag temperature at the furnace 
have been discussed. 

10. The relation of slag viscosity to the fuel economy 
of the blast-furnace has been considered briefly. 

11. Suggestions have been made as to the cause of the 
high viscosity of silica and silicates in the light of recent 
researches by the Braggs on crystal structure. 

Notts. 

87. Kahlbaum and Raber, Acta. Ac. Leofi., 1905, Ixxxtv.* 

204 ; see also Kurt Arndt, “ Die Messung de* 
Zabigkcit,” Zcits. Cham. ApparmUnkttnde, 1908* 
•«-. 549 - 

88. K. Arndt, (Note 64). 

89. A. C. Fieldner and A. L. Feild, “ A New Method 

and Furnace for the Determination of the Softening 
Temperature of Coal-ash under Fuel-bed Condi- 
tions/* Journ. Ind. and Eng. Chem.. 1913, vii., 
829. 


THE ORES OF COPPER, LEAD, GOLD, AND 
SILVER. 

By CHARLES H. FULTON. 

(Continued from p. 69). 

Ores containing Lead Minerals. (Chiefly argentiferous 
galena associated with a large amount ol gauges in 
vein deposits). 

Cacur d'Alene , Idaho . — The ore deposits are veins in 
slates, quartzites, and greywackes. The ore minerals are 
argentiferous galena, pyrite, and blende, and the gangue 
minerals are chiefly siderite and quarts. The average 
metal content of the ores taken as a whole is 6 to 10 per 
cent lead and 3*5 to 7 ounces of silver per ton. The ore 
is divided into two classes as follows (1) High-grade or 
shipping ore and (2) concentrating ore. The ore of the 
first class comprises one-tenth to one-fourth of the total 
production. Typical analyses are given in Table IV. 

Table IV. — Analyses of Typical High-grade Ore from 
Cotter d'Alene , Idaho. 

Ssmpls No. 1. Sample No. s. 

Gold None None 

Silver, per ton (ounces) 37*9 11*0 

Lead (per cent) .. .. 42*4 41*4 

Copper None None 

Silica (per cent) .. .. 13*4 iro 

Iron (per cent) .. .. 157 16*0 

Lime (per cent) .... n 1-2 

Zinc (per cent) .... 4*1 1*3 

Sulphur (per cent) n o 7*5 

The concentrating ore has approximately the following 
composition Lead, 3 to 14 per cent ; iron, 24 to 27 per 
cent ; silica, 23 to 26 per cent ; silver, 4 to 7 ounces per 
ton. The ratio of concentration is about 8 to 1, and the 
recovery by concentration varies in different mills from 
about 76 to 90 per cent of the lead and 50 to 83 per cent 
of the silver. Typical analyses of concentrate are given 
in Table V. 

Table V.— Analyses of Typical Concentrate Ore from 
Cceur d'Alene , Idaho. 



Sample No. 1. 

Sample No. s. 

Gold 

None 

None 

Silver, per ton (ounces) 

44*2 

*8*3 

Lead (per cent) . . . . 

52*8 

52*9 

Copper 

None 

None 

Silica (per cent . . . . 

9 ° 

4*6 

I roo (per cent) . . . . 

* 3*8 

14*0 

Lime (per cent) . . . . 

09 

1*2 

Zinc (per cent) .. .. 

3*8 

*’5 

Sulphur (per cent) 

12*0 

10*3 


The ore from some of the mines contains considerable 
zinc, and at some of the mills, as the Green- Hill-Cleveland 
mill at Wallace and the Morning mill at fif ollan, certain 
fine products of the mill are treated by flotation processes 
for the recovery of both the zinc and the lead sulphides. 

Aspen. Colo . — The ores consist of native silver, argenti- 
ferous galena, pyrite, argentiferous barite, sphalerite, 
and smithsonite in a gangue of limestone and quartz. 
Formerly much high-grade ore was mined and smelted 
direct. Now most of the ore must be first concentrated. 
As an example of ore compoeition the following analysis 
is given : - Lead, 3 to 9 per cent ; silica, 13 to 23 per cent ; 
barite (barium sulphate), 13 to 20 per cent ; lime, 8 to 12 
per cent ; magnesia, 3 to 5 per cent ; iron, 8 to 13 per cent ; 
zinc, 3 to 8 per cent ; copper, 0*16 per cent ; sulphur 
(exclusive of that combined in the barite), 7 to 10 per cent ; 
silver, 10 to 15 ounces per ton. The concentration is 
about 4 to 1, typical conceotiate having the following 

* Tffknuet Paper 143, Department of the Interior, U S A. Bsreao 
of Mines. 
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Table III. — Ons all taktn from LeadviUe, Colo . 

Composition, 


Class of ore. 

Gold, 
per ton. 
Ounces. 

Silver, 
per ton. 

Lead. 

Copper. 

Insoluble. 

True 

silica. 

Iron and 
manganeae.ta) 

Zinc. 

Sulphnr. 


Ounces. 

Per cent. 

Per cent. 

Per cent. 

Per cent 

Per cent. 

Per cent. 

Per cent. 

Iron oxide 

None 

9*oo 

1*00 

None 

l6*Z 

— 

48*00 

— 

0*4 

Siliceous dry oxide 

0 48 

2 40 

1*50 

— 

46 4 

34 -*> 

32*20 

0*40 

1*4 

Siliceous lead oxide 

0 38 

7 ' 3 ° 

16 80 

— 

44*6 

40*2 

170 

— 

*5 

Dry carbonate 

o *47 

8 60 

— 

— 

33*4 

30* 1 

39 -2 

— 

II 

Lead carbonate 

i8*i 

1470 

— 

— 

3 ° 7 

27 6 

24*2 

6*00 

o *7 

Siliceous dry sulphide . . . . 

0 75 

67 

46 

0*90 

6o*i 

541 

9*00 

8*6 

12*3 

Iron dry sulphide 

0 25 

171 

2*5 

2*90 

18*00 

16*2 

28*00 

5*3 

High 

Iron sulphide 

0*04 

4*8 

2*4 

— 

3-30 

— 

46*00 

6 4 

High 

Siliceous lead sulphide . . 

0*07 

7*5 

12*1 

o*8o 

2270 

20*4 

23*3 

7*5 

131 

Iron lead sulphide 

0*45 

13 4 

7 *i 

2*1 

148 

13 4 

320 

2*9 

— 

( 0*02 

7*2 

7 9 

— 

7 3 

6 6 

390 

12*4 

19*8 

High lead sulphide (6) . . 

\ 0*02 

199 

601 

0*30 

2*00 

1*8 

9*1 

7*2 

High 

( 0*01 

9*0 

3 8- 3 

— 

3-00 

2*1 

15*2 

13*2 

26*8 

(0) Chiefly 

iron. 




(6) CaO, 0*6 per cent. 




analysis : — Silver, 5 ounces per ton ; lead, 23 5 per cent ; I 
copper, 0*1 per cent; silica, 11*9 per cent; iron and | 
manganese, 2*5 per cent; lime, 18 1 per cent; zinc, 1*3 
per cent ; sulpnur, 5*8 per cent. 

Ons containing Lead and Zinc . 

The complex ores containing lead, zinc, and the precious 
metals, and sometimes coppeT, present the ores most diffi- 
cult for successful metallurgical treatment. Processes for 
their treatment are discussed in detail in Technical Paper 
90 of the Bureau of Mines (D. A. Lyons and others, 

»• Metallurgical Treatment of the Low-grade and Complex 
Ores of Utah,” 1915, p. 40). 

Or#j containing Lead and Zinc Commercially free 
from Precious Metals . 

South-Western Missouri.— The South-Eastern Missouri 
ore contains galena, sphalerite, pyrite, and marcasite 
in a gangue of limestone and flint, and carries 2 to 3 
per cent lead and 3 to 10 per cent zinc. It is con- 
centrated into two products aB follows : — (1) Galena con- 
centrate, containing 76 to 83 per cent lead, and not more 
than 2 to 3 per cent iron and zinc, and (2) sphalerite con- 
centrate, containing 62 per cent zinc and not more than 
o*2 per cent lead, and up to 4 per cent iron. The galena 
concentrate is treated by lead smelting and the sphalerite 
concentrate by zinc smelting. 

Lead-zinc Ons containing Precious Metals. 

Broken Hill, New South Wales, Australia.— The New 
Sooth Wales ores consist of argentiferous galena and 
sphalerite and some pyrite in a gangue of quartz, rhodonite, 
rhodochrosite, garnet, and calcite. At the several mines 
the composition of the ores differs in the proportion of the 
sulphide and gangue minerals, and in the nature of the 
occurrence of the sulphides, such as their fineness of dis- 
semination and the intimateness of their mixture, which 
affect the ore-dressing operations for the separation of 
zinc and lead. The presence of gangue minerals, such as 
rhodonite (silicate ot manganese), which have a specific 
gravity approximating that of zinc blende, was the cause 
of much difficulty in the ordinary water concentration 
process, and led to the making of a high-grade lead con- 
centrate and a tailings or waste product containing most of 
the zinc. This waste product by means of the new 
*« flotation ” process, is now successfully concentrated into 
a high-grade zinc product containing little lead. The 
composition of typical ore follows : — Lead, 10 to 15 per 
cent ; zinc, 15 to 25 per cent ; silver, 8 to 15 ounces per 
ton. Such ore is concentrated into a lead product of 
about the following composition Lead, 53 per cent ; 
zinc, 10 per cent ; silver, 32 ounces per ton ; and a zinc 
product containing, for example, zinc 43 per cent, lead 
10 to 12 per cent, silver 10 to 20 ounces per ton. The 


tailings or refuse from the first water concentration are 
treated by the flotation process, and give rise to a zinc 
product or concentrate of the above composition. 

Creede , Colo. — The Creede, Colo., ore bodies are veins 
in eruptive rock (rhyolite). The ore consists of galena, 
sphalerite, pyrite, and some gold and silver (probably as 
argentite) intimately mixed and disseminated through a 
gangue of quartz and altered rhyolite — a highly siliceous 
eruptive rock. The ore contains about n per cent lead, 
5 per cent zinc, 2*5 per cent iron, and 60 per cent silica. 
It is concentrated into two products— (1) a lead con- 
centrate, of which the following is a typical analysis : — 
Gold, 0*31 ounce per ton ; silver, 10*9 ounces per ton ; 
lead, 62*1 per cent ; copper, 0*1 per cent; silica, 18*2 per 
ce t ; iron, 8*6 per cent ; zinc, 4 9 per cent, and consider- 
able sulphur ; and (2) a zinc concentrate that cootains, 
approximately, 36 to 45 per cent zinc, 2 per cent iron, 13*5 
per cent silica. About 1 ton of concentrate is derived 
from 7 to 8 tons of ore. The one product goes to the lead 
smelter and the other to the zinc smelter. 

Park City , Utah. -The Park City, Utah (Daly- Judge 
mine), ore consists of argentiferous sphalerite, galena, and 
pyrite in a gangue of limestone and quartzite. It has the 
following average composition Lead, 10 per cent ; zinc, 
9 per cent ; silver, 7 ounces per ton. The ore is con- 
centrated into two products— (1) galena concentrate, con- 
taining lead, 33 per cent ; zinc, 7 per cent ; iron, 21 per 
cent ; silica, 3 per cent ; silver, 18*5 ounces ; and gold, 
0*06 ounce per ton ; (2) zinc concentrate, containing 2 to 
4 per cent lead, 25 per cent zinc, 15 per cent iron, 8 per 
cent silica, 5 ounces of silver, and 0*02 ounce of gold per 
ton. About 375 to 4 tons of ore is concentrated into 1 ; 
the amount ot the lead concentrate is about twice that of 
the zinc concentrate. 

(To be continued). 


EMPIRE TRADE NOTES.* 

Dominion Manufacturing Development. 

It will probably surprise a good many people to learn that 
South Africa in 1915-16 produced manufactured goods to 
the approximate value of £36,000,000, but the figures are 
established by the official census of manufacturers recently 
taken in the Union. This production was, of course, 
mainly consumed in South Africa, which is now learning 
to manufacture for itself many of the things which it used 
to import. Canada's industrial development is, of course, 
much older and more advanced, and that Dominion has for 
some time been sending certain of her manufactures to 


* Published Monthly by the British Empire Producers' Organisa- 
tion, Kingsway House, Kingsway, London. 
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Europe. Ia 1916 a Canadian Government Special Trade 
Commission visited the United Kingdom, France, and 
Italy and issued a suggestive report on the possibilities of 
extending tbe sale of Canadian products, manufactured as 
well as raw, in those countries. These things are signs of 
the times. Tbe old ingenuous theory of tbe Dominions 
as purely agricultural communities and of Great Britain 
as a purely manufacturing one has perished for ever. But 
while in the fotcre there will be certain things which it 
will be best for tbe Dominions to make for themselves, 
there are others which for a long time to come, at all 
events, Europe should be able to supply. Tbe United 
Kingdom has to see that where Europe is concerned she, 
and not some other European manufacturing country (Ger- 
many for instance), shall be Canada’s source of supply. 
And, on the other band, she must see that she herself and 
not some other European country has tbe first call on tbe 
Dominions' vast resources in raw material. This is the 
only way in which, as the British Empire Producers’ 
Organisation sees tbe matter, Imperial resources can be 
developed to tbe maximum advantage of the whole Empire 
as well as of its parts, 

Natal's New Industry. 

In Natal a considerable industry is now being built 
up by tbe utilisation of the wax, hitherto wasted, which 
is a by-product of cane sugar manufacture. The British 
Empire Producers' Organisation understands that the pro- 
cess of extracting tbe wax was invented by a Dutch 
chemist, has been carried on in Java, and tried experi- 
mentally in Mauritius. To Natal, however, belongs tbe 
honour of being the first British possession to operate tbe 
process on a commercial scale. The wax, which is equal 
in value to and chemically almost identical with beeswax, 
is produced from the filter-press cake of the sugar factories- 
The residue of tbe filter-press cake, after the wax has been 
extracted, is used as a fertiliser for tbe cane-fields, while 
tbe wax itself, which has a high melting point and takes 
a very high polish, is being used by boot manufacturers 
and furniture manufacturers in South Africa, and also ex- 
ported for the same purpose to London. As tbe demand 
is said to be unlimited, tbe prospects of the new industry 
seem particularly bright. There seems no reason why a 
similar industry should not be started in some of the West 
Indian sugar colonies. 

Sugar in Egypt. 

The British Empire Producers' Organisation notes that 
tbe war has materially aided the Egyptian cane sugar in- 
dustry. Before tbe war tbe Egyptian, like the West 
Indian, industry suffered badly from tbe competition of 
German and Austrian beet. With the removal of these 
imports the area under cane in Egypt was materially 
exhmded. Whereas in the ten years, 1904-1913, the 
Egyptiao production was only 60,000 tons, in 1916 it was 

100.000 tons, and both local consumption and export have 
greatly increased, the latter from 5000 tons in 1913 to 

29.000 tons in 1916. In addition, the British forces in 
Egypt have been drawing all their sugar supplies from tbe 
country. The retail supply has meanwhile remained 
ample, and the price— about threepence per pound for the 
best refined sugar— should be noted by the people of this 
country, who are paying double aad are strictly rationed. 
Even allowing for the fact that sugar has to be imported 
into tbe United Kingdom, and, when it gets here is taxed, 
tbe Egyptian price remains an object-lesson in the value 
of national production. 

Indian Hidts and BriHth Tanners. 

Various steps, tbe British Empire Producers' Organisa- 
tion understands, have already been taken to secure that 
after tbe war tbe British— not tbe German— Empire shall 
benefit from India's wealth in bides. Many German hide- 
buying firms in India have been eliminated, and British 
firms are being stimulated to enter this profitable business. 
Tbs ultimate object in view is tbe tanning of all Indian 
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hides by British tanners in various parts of the Empire, 
and comprehensive as this policy is it is consist red by 
experts to be quite within the limits of the practical. Prior 
to tbe wst the Indian hide trade was almost ent rely in 
German bands, and Germany and Austria together were 
taking 70 per cent of India's production, the balance 
being tanned by British firms in India. At present tbe 
British Government is tbe sole buyer of Indian bides, 
acting through a buying committee of leading British firms 
set up by the Government of India. From this buying 
committee members of tbe old German buying u ring " in 
Calcutta, whatever their nationality, were, it is understood, 
to be excluded. This sensible policy once adopted, the 
Indian Government seem, however, to have repented of 
it, and to have suggested that the English buying firms 
should work in conjunction with members of this old Ger- 
man "ring.” The English boying firms have very properly 
refused to have anything to do with such a proposal. They 
look to the British Government to sec that their efforts to 
make tbe Indian hide business, from raw material to 
finished leather, a British enterprise throughout shall not 
be hampered by official flabbiness in India. This matter 
is of vital importance to tbe British Empire. 

Failing a practical interest in Indian bides by British 
tanners Germany will, after tbe war, once more be able to 
control the trade, and, incidentally, as in tbe past, make 
her army’s boots out of Indian raw material. 

Indian Cotton. 

Giving evidence before the Indian Cotton Committee, 
to the sittings of which in India reference has already been 
made by tbe British Empire Producers' Organisation, the 
Government of India's Economic Botanist lor the United 
Provinces laid great stress on tbe necessity of improving 
the best native cottona rather than wasting time in the 
endeavour successfully to acclimatise tbe American im- 
ported type. This expert believes that within a reasonable 
time tbe two best types of native cotton can be improved 
so as to be of an inch staple, and thus equivalent to the 
grade known as middling American. This is a very 
interesting opinion, and if supported by further substantial 
expert evidence may have important results. 

Nsw Enterprises ia South Africa. 

A company to promote industrial development has been 
started in South Africa by a few financial institutions which 
have repeatedly been told that it ia only lack of capital 
that has delayed the more rapid growth of manufactures 
in tbe Union. Apjplicants are asked to satisfy tbe com- 
pany that their business is sound and likely to succeed, 
that they can conduct it with efficiency, that tbe under- 
taking is oaturally suitable to the country, and likely to 
prove permanent— for instance, that the raw materials are 
produced in South Africa. If and when this has been done 
the company is prepared to render financial assistance to 
the promoters of new enterprises, thus fulfilling the pur- 
poses, it would seem, of what is generally known as a 
trade bank. Tbe actual utility to South Airica of such a 
company or bank most, of course, depend in tbe main on 
the business, technical, and scientific knowledge of those 
who manage it, but tbe British Empire Producers’ Organi- 
sation is, needless to say, qoite io sympathy with tbe 
principle involved. 

Quicksilver in New Zealand . 

A bonus of 4d. per lb. tot the first 100.000 lbs. of 
retorted quicksilver produced from New Zealand mines 
has been offered by the New Zealand Government. The 
conditions are that at least one half of the quantity is 
produced before March 31, 1920, and the remaining half 
before March 31, 1921. The first instalment of tbe bonus 
will be paid when 50.000 Ibe. of quicksilver have been pro- 
duced. A similar offer has been made before without 
result, but it may be hoped that the increased attention 
which is now being given to schemes for the development 
of Empire resources may lead to the bonus being u)t|- 
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mfttely earned. The British Empire Producers’ Organi- 
sation states that quite recently the only mining (or quick- 
silver in progress in New Zealand was at Pahipuhi, North 
Auckland. The Pahipuhi range is thought to be a likely 
field for important mineral discoveries, but in various parts 
of New Zealand occurrences of quicksilver ore have been 
recorded from time to time. Cinnabar was found in the 
early alluvial diggings in Nevia, Nokomai, Waipori, and 
Waitahuna, in Otago, and promising samples, yielding 84 
per cent of quicksilver, were discovered at the Upper 
Nevis in 1883. Some prospecting was done, but the lode 
was not found. An occurrence of mercury ore at the 
Ohaeawai Hot Springs in Bay of Islands county is 
believed to be important, and an effort has been made to 
mine the ore and rtcover the mercury therefrom. Though 
the ore is low-grade, mercury occurs in some quantity. 
Ores of mercury have also been discovered at several 
points in Wbangaroa, North Island. 


NOTICES OF BOOKS. 

Tht Chtmical Constitution of tht Prof tins. Part I. 
Analysis, By R. H. A. Plimmbr, D.Sc. Third 
Edition. London, New York, Bombay, Calcutta, 
Madras: Longmans, Green, and Co.. Pp. xii+174* 
Price 6s. net. 

The third edition of this monograph, .which contains a 
considerable amount of new matter, has been divided into 
two parts, and thus a saving of labour has been effected 
and the outlay of the purchaser lessened. Part I. deals 
only with the analysis of the proteins in which the greatest 
progress has been made in the last few years. The isola- 
tion and estimation of the constituents is described in the 
fullest detail, and the whole text has been carefully 
revised. Copious tables of analytical data are included, 
and the monograph will he found indispensable by workers 
of this branch of biochemistry. 


Quantitativi Chtmical Analysis, By Frank Clowes, 

D.Sc. Lond., and J. Bernard Coleman, A.R.C.Sc. 

Dublin. Eleventh Edition. London : J. and A. 

Churchill. 1918. Pp. xxiv+580. Price12s.6d.net. 
Each successive edition of this highly valued text-book of 
analysis has been amplified, and the text corrected when 
necessary, and the book has now grown to such a size that in 
scope and in detail it will be found quite adequate to meet 
the requirements of analytical and consulting chemists as 
well as those of advanced students. No better book 
could be found upon which to base an extended course of 
quantitative analysis, and it thoroughly deserves its 
success. Typical methods of analysis as applied to 
various industrial products are now described in full 
detail in one section, which has been very considerably 
extended, and tables of results and of all numerictl data 
required in analytical work are included. In the section 
on gas analysis the descriptions of some of the more 
elaborate and complicated methods are omitted to make 
room for other matter, and references are given to standard 
works dealing with gas analysis only in which are to be 
found the full accounts of the methods which for adequate 
treatment would require more space than could satis- 
factorily be allotted to them in this book. 

Osmotic Prtssurt, London : The Faraday Society. 19x7. 

Pp. 73. Price 78. 6d. 

This pamphlet contains a verbatim report of the general 
discussion on osmotic pressure which was held by the 
Faraday Society in May, 1917* Sir Oliver Lodge in the 
chair. The subject was treated from three different points 
of view, the opening paper being read by Prof. Alfred W. 
Porter, who dealt with the kinetic theory of osmotic pres 
sure. Dr. F. Tinker contributed a paper on the pro- 
perties and function 9! the colloidal membrane, and Mr. 


W. R Bousfield considered the question from the point of 
view of the action of the solvent and the hydration of the 
solute. The discussion which followed the reading of the 
papers was exceedingly interesting, and it was unfortunate 
that time would not allow of the consideration of some of 
the important points which where raised. The reprint 
contains some communications which were received subse- 
quent to the meeting, and also the replies of the authors 
to some criticisms. 


MISCELLANEOUS. 

Determination of Phosphoric Acid and Mag- 
nesium.— M. Bauzil. — Magnesium and phosphoric acid 
can very readily be determined by a method based upon 
the behaviour of acid phosphates towards methyl- 
orange, the equation representing the reaction being 
2P0 4 MgNH4+4HCl-2MgCla+2P0 4 NH4Ha. The phos- 
phoric acid is first precipitated by ammoniacal magnesium 
mixture, and the precipitate is filtered off and washed with 
water containing ammonia, and with alcohol. It is then 
suspended in water, and to the same quantity of distilled 
water in another flask ten drops of methyl-orange are 
added, and the number of cc. of normal hydrochloric acid, 
say, a cc., necessary to produce a red coloration, is deter- 
mined. The same operation is performed with the sus- 
pended precipiitate. Then if n is the number of cc. of 
HC1 required in the second case, the amount of phos- 
phoric acid, P2O5, present is given by (ft — u)xo 00355, and 
the amount of MgO by (ft — a) x 0*002. — Journal dt 
Pharmacit tt dt Chimit, 1917, xvi., No. xi. 

Institution of Petroleum Technologists.— The possi- 
bility of producing, from home sources hitherto neglected, 
a certain proportion of the vast amount of mineral oil 
and its kindred products, now so vital a necessity to our 
national existence, lias been much canvassed for some time 
past in both the general and technical press, and at the 
next meeting of the Institution of Petroleum Technolo- 
g sts, on the 19th instant, at 8 p.m., at the House of 
the Royal Society of Arts, Adelpbt, W.C., a paper will be 
read dealing with the subject entitled “ A New British Oil 
Industry,” by Mr. E. H. Cunningham Craig, Dr. F. 
Mollwo Perkin, Mr. A. G. V. Berry, and Dr. A. E. 
Dunstan, Toe President of the Institution, Mr. Cbaues 
Greenway, will occupy the chair. 


MEETINGS FOR THE WEEK. 

Monday, 18th.— Royal Society of Arte, 4.30. (Cantor Lecture)- 
“The Economic Condition of the United Kingdom 
before the War— the Real Coat of the War— and 
“ Economic Re-construct*on," by Edgar Crammond. 

Tuesday, 19th.— Royal Institution. 3. “ Problems of British Anthrop- 
ology," by Prof. Arthur Keith. 

Inatitution of Petroleum Technologists, 8. “A New 

British Oil Industry," by E. H. Cunningham Craig, 
F. M. Perkin, A. G. V. Berry, and A. E. Dunstan. 

Wednesday, 20th.— Royal Society of Arts, 4.30. “Picturesque 
Architecture," by Maurice B. Adams. 

Microscopical, 8. “ Photo-synthetic Action in- 
duced in Living Cells, and their Products," by 
Prof. B. Moore. " Illustrations of Prepara- 
tions," by Col. Rawson. 

Thursday, 21st.— Royal Institution, 3. “Three French Moralists and 
their Influence on the War— La Bruyere," 
by Edmund Goase, C.B. 

Royal Society. “ Scattering of Light by Spherical 

Shells and by complete Spheres of Periodic 
Structure when the Refractivity is Small," by 
Lord Rayleigh. “Nature of Heat as directly 
Deducibie from the Postulate of Carnot," by Sir 
Joseph Larmor. “ Curved Beams," by J. J. 
Guest. “ Monoclinic Double Selenates of the 
Iron Group "and “Selenic Acid and Iron— Reduc- 
tion of Selenic Acid by Nascent Hydrogen and 
Hydrogen Sulphide — Preparation of Ferrous 
Selena te and Double Selenates of Iron Group," 
by A. E. H. Tutton. 

Friday, aand — Royal Institution, 5.30. 

Saturday, 23rd.— Royal Institution, 3. " Problems in Atomic Struc- 

ture, " by Sir J. J. Thomson. 
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CRYSTALLOIDS AGAINST COLLOIDS IN THE 
THEORY OP CEMENTS.* 


By HENRY LB CHATELIBR (Paris). 


I have always opposed the theory which attributes the 
hardening of cements to certain colloidal properties of the 
material, as being devoid of sense. In a similar way it 
ased to be said that bodies react because they have affinity 
for each other. Henri Sainte-Clake Deville maliciously 
re m a rke d that, sioce affinity was by definition the ten* 
deocy of bodies to react with each other, that explanation 
of chemical reactions came down to this: the bodies 
react because they have the tendency to react. The actual 
explanation of the hardening of cements iso! an analogous 
kind, I am afraid. People evade defining what they call 
a colloid, but they seem to take the word in the sense of a 
body capable of hardening. And then the explanation 
comes down to this : cements harden because they have 
the property of hardening. Similar tautologies would 
easily be avoided if the excellent principle of Pascal were 
more frequently applied : “ Before you enoooce a state 
ment, begin always by replacing mentally each word by 
its definition.** 

After this general remark let us approach the problem 
more closely. Begin by defining the word “colloid,** if 


more closely. Begin by defining the word “colloid,** if 
that be possible. Graham, the originator of the discovery 
of the bodies which are thus designated, had recognised 
the existence of two sorts of different solutions. The one 
kind gave on evaporation crystallised bodies called aystml- 
laid* (sea-salts, sugar, Ac.), the other gave amorphous 
gelatinous materials called colloids (gelatinous silica, gum, 
Ac.). He further recognised that the crystalloids are 
diffused when dissolving and that the colloids are not. 

More recently Zsigmondy showed with the aid of the 
uhramicroscope that the colloidal solutions were not true 
solutions, but merely suspensions of very finely divided, 
rigorously insoluble matter. These suspensions are opaque, 
milky, or transparent, according to the fineness and the 
abundance of the particles so suspended in the liaoid. 
When their diameter is inferior to the wave length of light, 
they allow the light to wend its way through, somewhat 
as happens in the case of sound with screens of a limited 
sisc. The diameter of the true colloids approaches a 
millionth of a millimetre, and is always much less than a 
thousandth of 1 mm. 

AH very minute insoluble bodies give such colloidal sus- 
pensions : metals like platinum ana silver when pulverised 
by the electric arc ; finely crushed minerals like quarts, 
alumina, kaolin; completely insoluble chemical precipi- 
tates like the sulphides, notably nickel sulphide ; or finally 
the iron tannate used in the manufacture of ink. 

But, is there cause to give a particular name to bodies, 
the only singular properties — terribly commonplace pro- 
purtiee--of which so far are insolubility and fineness ' 

These very minute bodies possess one quite special and 
very im por ta nt property, however, which entitles them to 
being cla ssed separately, that is the property of absorbing 
(by snobbery one prefers to speak of odsorbinr nowadays] 
the soluble bodies which are held in solution by the liquid 
with which they are wetted. This absorption, which is 
frequent with chemical precipitates, is a very grave source 
of error in analyses. It is true that this property does not 
strictly characterise finely divided bodies ; it manifests 
itself to identically the same way in porous bodies. Blood 

• A cestrfbotloa ts a Osntral DbcuaaJon 00 “Tbs Setting of 
Csmaots aaf Plasters,** held by tbs Faraday Society, January 14, 


carbon, a true colloid, and wood oharooal behave hi the 
same way. From this point of view, ooNofda and p o r ou s 
bodies must be classed together. 

This absor pti ve power is a particular case of much more 
general proper ti es w hich all very fine bailee possess. 
Chemically a body in the form of an impalpable powder 
behaves quite differently from the same body lo the form 
of big lumps. There is a s pecial chemi s tr y of colloids 
and po r o us b odi es . These particular properties are uoder 
the immediate sway of surfaoa tenaioo. 

The fact has long since been ack now l edged that all 
chemical phenomena depend directly upon di vers e forms 
of energy : heat, elec tr i city , work. The chemical reactions 
of combustibles liberate heat; the reactions of batteries 
generate electricity; the reactions of explosives, work. 
Reciprocally the forum of energy —temperature, electro- 
motive force, pressure define equilibrium co n d i tio n s and 
suppress or attenuate at the same time passive resistances 
which oppose the reactions, tending to bring the bodies 
back to the state of equilibrium. The w h ol e chem ist ry is 
only a chapter of energetics. 

There is, how e ver, one form of ener g y of which 
chemistry does not speak as a rule, that is the surface 
energy which is measured by the product of the surface 
tension (or capillary tension) and of the five surface of the 
body. In magnitude surface tension is generally infinitely 
small when compared with the other forms of energy. 
Take the gram-molecule of water, 18 grass., and assume 
it to have the form of a sphere whose diameter will be 
3*3 cm. In cootact with its water vapour the sphere will 
have a surface tension of 0*08 gras, per linear ceothnetre. 
The surface of the sphere being 34 sq. cm., its surface 
energy will be o’o8 x 34 - a*;8 grm.-cm., or a*ya x 
10-5 kg. m., which corre s ponds to 6-3 x 10-8 kg. calorie. 
Now the vaporisation of a grm.-molecuie of water abeorbe 
10 calories, and its combination with lime liberates 10 
calories. Its surface energy is therefore ooly equivalent 
to the one hundred-millionth pert of that quantity of 
beat, that is to say, absolutely negligible. 

If instead of taking the water In the form of a single 
sphere we divided it into a vast number of little globules, 
each of one* millionth of 1 mm., their surfaces and conse- 
quently their total superficial energy would become 330 
million times greater, and thus equivalent to a calories ; 
that is to say, the surface energy would be of the order of 
magnitude of the quantity of heat which water e volves in 
its various chemical reactions. The surface energy in that 
case would no longer be a negligible factor. 

As regards solids in suspension in a liquid, there is no 
direct method for measuring the surface tension at the 
constant between the solid and liquid. Certain indirect 
considerations lead us to admit, however, that this tension 
may become a hundred times greater than that of water. 
The superficial energy will be i n c r eas e d in the same ratio 
and its influence will be c om e appreciable for dimensions 
of the order of a ten-thousandth millimetre -dissensions 
much superior to those of chemical precipitates. 

So far our considerations concern solely the grain site 
without paying attention to the greater or smaller solu- 
bility of the bodies in question. The considerations yet 
furnish the immediate explication of the usual insolubility 
of the colloids. A solid crystal ground down to very fine 
grains will certainly have all the properties of colloids, as 
long as it retains its fineness ; but it will rapidly loss the 
latter as soon as it is brought in contact with a liquid 
capable of partially dissolving the substance. The energy 
of dissolution will be Increased by the whole superficial 
energy of the crystal ; there will result an increase in the 
solubility of the fine crystals, and a supersaturated solu- 
tion will be produced, from which larger crystals will soon 
be separated. This fact has very dearly been verified for 
very fine precipitates of calcium sulphate and barium 
sulphate. In order to make these precipi ta tes coarser, 
and thus to p r e v ent them from pa s s in g through tbs filters, 
such precipitates are kept hot for several hours before 
filtratioo. 


Digitized by ^.ooQle 




86 Effect of Slag on the Setting Properties of Portland Cement. XS* 


Every soluble body, even if existing in very fine division, 
progressively loses iu colloidal properties when it is main- 
tained in contact with a liquid in which it is somewhat 
soluble ; its transformation will be all the more rapid the 
neater the solubility. It is only insoluble bodies, there- 
fore, which can preserve the extreme state of subdivision 
which corresponds to the colloidal state. For the same 
reason, bodies which are properly called colloids never 
show any discernible crystalline form, because the crystal- 
line orientation supposes a certain mobility of the material 
within the solvent, be it liquid or gaseous. 

We come to the hydraulic mortars. Are the products of 
tbeir hardening colloidal or are they not ? Let us first 
take the case at plaster. When plaster has set, we can 
never discern any crystals in the material, even under the 
strongest magnification of the microscope. That does not 
prove that no crystals are formed ; perhaps they are too 
small to be recognised. In petrographic specimens, plates 
less thao 0*02 mm. in thickness, one can hardly distinguish 
crystals less than 0*005 mm. in diameter. By crushing the 
soft mass under the cover-glass we cannot get below 
0*0005 n>m. We are thus yet far away from colloidal 
dimensions. When the humid hydrsted plaster is left to 
itself, crystals begin to become discernible at the end ol 
several weeks; after several years they are sometimes 
visible to the naked eye. One can see them plainly, in the 
south of Algeria, on the roots of dead trees which have 
been transformed into gypsum. We can, moreover, make 
the crystals in hardening plaster visible from the beginning, 
when we gauge the plaster with alcoholic water (instead 
of pure water); the setting is then retarded and the 
crystals can better develop. 

The calcium aluminates, which play an important part 
in the hardening of rapidly setting cements, are hydrated 
at the same rate as the plaster, and they give likewise a 
whitish mass in which crystals are not discernible. If, 
instead of gauging the aluminate with little water, we put 
a few isolated grams of the aluminate into a large volume 
of water, we observe that the grains soon become sur- 
rounded by long crystals of hydrsted aluminate, which are 
always easily visible under the microscope and can some- 
times directly be seen by the eye. 

Calcium silicate slone causes a difficulty in these con- 
siderations, and this is important, because the silicate is 
the essential element in the hardening of Portland cement. 
The microscope has never enabled us to see hydrated 
calcium silicate. Its crystals are certainly very minute ; 
numerous analogies prevent us, however, from denying 
their existence. The hydration is exactly the same as in 
the case of barium silicate. 

SiO^CaO+aq. a Si 0 2 .CaO,aq. + 2CaO, H a O. 

SiO*.2BaO+aq. ■ Si 0 2 BaO, 6 ri 2 0 +BtO, 9 HaO. 

The crystals of hydrated lime are plainly visible, like 
those of hydrated baryta ; they may attain dimensions of 
several mm. Crystals of barium silicate can always be 
seen with the aid of a lens, sometimes even with the naked 
eye. By virtue of analogy we may say that hydrated 
calcium silicate will certainly crystallise as well ; but as it 
s much less soluble than the barium compounds, the 
crystals will be too minute to be discernible. 

It is not impossible that, initially, the dimensions of these 
crystals are of colloidal order, as in the moment of forma- 
tion of the precipitates of barium sulphate and calcium 
oxalate. I have shown, in fact, that this calcium silicate 
precipitate absorbs, in the moment of its formation, a 
certain quantity of lime which varies with the concentra- 
tion of the liquid. In the course of time the dimensions 
of the crystals must increase considerably, as in all similar 
instances. The mechanical resistance does not diminish 
with time, quite on the contrary. Consequently the 
colloidal state, which was possible at the beginning, has 
nothing to do with the hardening of the cement. 

To come to an end, I will recall the explanation of the 
hardening of cements which I gave thirty years ago, and 
which docs not appear to have been weakened yet. 


The anhydrous compounds of cements, not being in 
chemical equilibrium when in contact with water, are more 
soluble than the same hydrated compounds. For this 
reason they give rise to the formation ot a supersaturated 
solution from which the hydrated compound may rapidly 
crystallise. The liquid, being no longer saturated, can 
redissolve more of the anhydrous compounds, and the 
whole mass can thus crystallise progressively by passing 
through a stage of transitory dissolution in a limited 
volume of water, which, at any given moment, cannot 
maintain in solution more than a small portioo of the 
total mass of salts present. The crystals which are de- 
posited from the supersaturated solutions always appear 
in the shape of extremely elongated needles, which have 
the tendency to group themselves in spherolites about 
certain centres ot crystallisation. The entanglement of 
all these crystals is the only cause of the solidity of the 
mass. They become welded with one another when the 
reciprocal orientation is suitable ; they adhere by simple 
contact, ss do all solid bodies when really resting upon one 
another. Finally, friction at the points of contact, even 
in the absence of all adhesion, suffices to produce a great 
strength of mechanical resistance, such as is found in all 
tissues and fabrics whose solidity has no other origin. The 
finer and the more elongated the crystals, the more nume- 
rous the points of contact and the greater the frictional 
resistance. The greater the area of contact, the more 
developed the adhesion. The progressive growth of the 
crystal dimensions by the mechanism which I have 
suggested increases the part played by adhesion while 
diminishing that doe to friction. A material built up of 
very wide strips could be very solid if the strips were 
glued together at their contact surfaces. 


THE EFFECT OF THE ADDITION 

OF SUITABLE SLAG ON THE SETTING 
PROPERTIES OF PORTLAND CEMENT.* 

By B. DENY, I.A.M. (Ghent) and B. H. LBWIS, M.A. 

We regret that we are not able to communicate results ot 
laboratory research into the setting of Pottland cement. 
Such research it has been impossible for us to undertake in 
these difficult times. For the last three years we have 
been responsible for the completion and starting of a plant, 
which at the outbreak of war was in course of erection, 
and for the manufacture of cement which in Germany 
would be called Eisen Portland. With a depleted staff it 
has been necessary to concentrate as far as possible on the 
actual production of cement. Research into this subject 
has been carried out with great thoroughness by Dr. 
Passow, whose work on it is well known, and by others. 
In this country very little research appears to have been 
done in connection with this class of cement, and we pro- 
pose only to give certain results which have been obtained 
in the manufacture of such cement on an industrial scale. 
These, as far as they go, confirm the results given in Dr. 
Passow’s “ Die Hocbofenschlacke in der Zementindustrie.” 

The slag which we have used comes from blast furnaces 
in which hematite pig iron is manufactured. It is therefore 
fairly high in lime, which runs approximately to 49 per 
cent, the silica being in the neighbourhood of 31 per cent 
and the alumina of 15 per cent. It is well known that in 
the manufacture of hematite pig iron the high lime content 
is due to the necessity of removing the sulphur from the 
metal. This sulphur is to some extent removed from the 
slag in the process of granulation, and the remainder is 
eliminated in the rotary kiln, so that there is no difficulty 
in keeping the sulphur content of the resulting cement 
within the limits of the British Standard Specification, even 

* A contribution to a General Discussion on “The S siting of 
Cements and Piasters, " held by the Faraday Society, January 14, 
1918. 
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though tb« addition of gypsum or plattar of Paris be 
necessary to control the setting time. 

The cement made from blast furnace alsg is of course, 
like other Portland cement, made from limestone and clay. 
Bat a portion of the limestone and the balk of the day 
are subject to a doable burning, being first passed though 
the blast furnace. Ninety per cent of the lime in the slag 
comes from the limestone used as flux in the furnaces, while 
roughly 70 per cent of the silica comes from the ores and 
70 per cent of the alumina from the coal used in Scottish 
practice. 

The splint coal commonly used in Scottish furnaces 
contains approximately aft per cent of alumina, due mainly 
to the inclusion of a certain amount of clap from the 

g avement or roof of the seams. Cement clinker made 
om such slag and limestone, on account of its compare - 
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thrdy high alumina -to- silica ratio, girts generally a qufck- 
tutting cement. But this property is capable of adjustment 
by the use of a suitable l im es t o ne , and by the addition of 
properly granulated slag. By these taro expedients the 
setting time cao, if required, be reduced to that of a 
medium or elour-sctting cement. Br those urbo are not 
familiar urith the use of cement made in this uray consider- 
able objection is sometimes raised to the addition of 
granulated slag to the dinker in the finishing mills. Our 
experience is mat such sn addition of slag, op to 30 per 
cent of the total, not only regulates the setting time of the 
cement, but adds considerably to its tensile strength. 
Table I. shears the areraue of the tests taken from all the 
wag o ns of cement which bare been sent out from the 
works sines the commencement of manufacture. 


area merely a genuine Portland cement adulterated urith 
slag." This statement led os to nuke experiments to 
determine the result of adding granulated slag to a 
standard brand of Portland cement« 

The granulated slag urhich are use has itself well-marked 
setting properties, as Table II. shoars. It will be noticed 
that this slag, though high in alumina, girea a slow setting 
and hardening time. 

Analyst of SUg. 

Silica yo'5 

Iron oxide and slamina •• •• 16*6 

Lime •• •• .. .« .. .. 49*4 
Magnesia •• 13 
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Table II. — Tost of Briquettes modi with Granulated 
Blast-furnace Slag , September 29, 1915 (Stand in Air), 
Tensile strength. Lbs. per sq. inch. 


3 day. . 

7 day... 
28 days . . 
2 months 

4 months 
6 months 

12 months 
18 months 
24 months 


195 

300 

X 

480 

615 

470 

528 

666 


Table III.— Tensile Strong th of Briquettes Gauged 
1 Slag, 3 Sand , 8} ptr cent Water ( Stond in Water). 

Lbs. per sq. inch. 

7 days 215 

28 days 342 

3 months 400 


of 



The results of tests made with the cemei 
the cement mixed in the proportion of 
Wishaw blast furnace granulated slag 
Table IV. 

Table IV. 

Nest 


Fineness— residue on 180x180.. 10 

Setting time— initial 6 mins. 

n final 8 mins. 

Le ChateMer test — mm. expansion 3 

Tensile strength— 7 days •• •• 560 

„ 38 days •• •• 723 


* Sr 

arc sn 

it neat and with 
70 to jo with 
are given in 

70 per cent cement 
pins so percent 
slsg. 

10 (slag) 
16} mins, 
x hr. 10 mins, 
x 

630 

793 


The results of this experiment were so interesting that 
similar experiments were made with various other well- 
known brands from England and South Wales, of which 
the resalts are given in Table V. 


Table V. 


Fineness— residue on 

180x180 .. .. .. 

Setting time— initial .. 

„ final 
Le Chatelier test — mm. 

expansion 

Tensile strength— 7 days 
n 28 days 

Fineness— residue on 

• x8ox 180 

Setting time — initial . . 

„ final 
Le Chatelier test — mm. 

expansion 

Tensile strei 


ngth — 7 days 
28 days 


Neat 

cement. 


5*8 per cent 
20 mins. 

5 hrs. 30 mins. 

1 

635 

735 

B 

xo*8 per cent 
50 mins 
1 hr. 40 mins. 

1 

777 

846 


Toper c 
pfos y 


r cent cement 
pins 30 per cent 
slag. 


8 per cent (slag) 
1 hour 
7 hoars 

1 

653 

823 


7 per cent (slag) 
3 hours 
5 hours 


4 

906 


Fineness — residue on 


180x180 

Setting time— initial .. 

zo*5 pc* cent 
2 hours 

11 final 

4 hrs. xo mins. 

Le Chatelier test — mm. 


expansion 

— 

Tensile strength— 7 days 

775 

„ 28 day. 

791 


D 

Fineness— residue on 


180x180 

12*7 per cent 

Setting time — initial . . 

4 hrs. 40 mins. 

i, final 

6 hrs. 40 mins. 

Le Chatelier test— mm. 


expansion 

1 

Tensile strength— 7 days 
„ 28 days 

778 

836 


2 hrs. 5 mins. 

3 hrs. 50 mins. 


/5» 

840 


7 hrs. 30 mins. 
9 hrs. 20 mins. 

1 

820 

9i3 


There is one very interesting point to which we parti- 
cularly wish to call attention. It is generally admitted 
that quick-setting Portland cement has less strength after 
a lapse oi time than cement which sets more slowly. 

With our cement the high content of alumina makes it 
possible, contrary to the generally accepted theory, to use 
without fear of expansion a neater percentage of lime in 
the clinker than is usual. The result of grinding such a 
clinker without any addition of raw slag is a very quick- 
setting cement ; but if suitable slag be added such clinker 
gives a oement of reasonable setting time, which soon 
attains so great a strength that it has reached 1300 lbs. 
per square inch at twenty-eight days. 

The result is, in our opinion, due to the presence in the 
clinker of a large proportion of 14 elite," consequent upon 
the high percentage of lime, which is greater than could be 
carried in ordinary Portland cement. 

We venture to suggest the explanation that this quick 
setting and quick hardening are due to the colloid, which 
is first formed by the hydrolysis of the aluminate of lime, 
and is present to an unusual degree, having a favourable 
influence upon the subsequent formation of a colloid by 
the hydrolysis of the silicate of lime. This would corro- 
borate the theory of Dr. W. Michaelis on the phenomenon 
of the setting and hardening of cements. It would be of 
great interest if farther research could be carried out upon 
this point, which is peculiar to cement made in the way we 
have described. 
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THE ORES OF COPPER, LEAD, GOLD, AND 
SILVER. 

By CHARLES H. PULTON. 

(Cooclodad from p. 8t). 

Gold Ores . 

Gold Practically Free, associated with toms Sulphide , 
Gangue, Quarts, or Siliceous Rocks . 

Homestake Mine, S. Da*.-The ore body wwked by Ibe 
Homestake Mine, S. Dak., lies in a mineralised sons of 
slates and schists. The ore consists chiefly of chlorite, 
ferruginous hornblende (commingtonite), and quarts, 
small amounts of garnet, mica, and carbonates of lime, 
and magnesia and iron as gangoe, through which is dis- 
seminated pyrite, pyrrhotite, arsenopyrite, and gold largely 
in the free state. Unoxidised ore has the following com- 
position .—Silica, 54 per cent; iron sulphides, 55 per 
cent ; iron oxides, 187 per cent ; alumina, 5 'Sj** cent ; 
magnesia, 3*6 per cent ; time, 175 P*f » soda, 0*5 per 
cent; potash, 0*85 per cent; carbonic acid and water, 
5*35 put cent. Oxidised surfsce ore has a similar com- 
porition, except that it contains little iron sulphide and more 
iron oxides and alumina. The average content of the ore 
in gold is a little less than 0*2 ounce per too, equivalent to 
4 lots, worth, of which 94 per cent is recovered. The 
gold is alloyed with silver to the extent of 5 parts gold to 1 
of silver. It is treated by amalgamation to recover M free 
gold,** after which it is cyanided. The Homestake Mine 
is probably to be considered the world’s greatest gold 
mine. 

The Rond, Transvaal, South Africa .— The Rand ores 
occur io a quarts pebble conglomerate which is inter strati 
fled with qoartsites. sandstones, and schists. The con 
glomerate consists of rounded pebbles one- third of an inch 
to 6 inches in diameter, which are cemented together by 
a matrix of silica, iron oxide and pyrite, aod chlorine 
matter. The gold, which occurs chieflyin the free state, 
is almost entirely in the cementing material and is closely 
■Modated with tb« prriu. The or. coowiU MttntUU, of 
■flic, mom iron omide, and pyrite. Tb. vale of tbt 
gold in the ore is 7 to 10 dob. per ton. The gold is re 
covered by amalgamation and cyanidatioo, the recovery 
being about 90 per cent of the gold content. This is the 
world s greatest goldfield, the production in 191a being 
9.131.558 ounces ^valued at 188,749.3*7 ^U.), or 40 pei 
cent of the world’s production. _ . . . 

Douglas Island, Alaska .- The Douglas Island, Alaska 
(Treadwell mines), ore b an altered eruptive rock (albitc- 
tforite) through which b scattered pyrite with some 
pyrrhotite aod free gold. The principal gangue minerals 
composing the mass of the rock are felspar, calcite, and 
quarts, and through these are dissemina ted th e sulphide 
minerab pyrite and pyrrhotite, with probably some 
srseoopyrite, constituting about *P? <** 

Some magnetite b also present. Suboite, chalcooynts. 
molybdenite, sphalerite, and galena are «*ujiooally 
found, bet are not of importance. The gold, although 
largely “free,** b closely associated with the sulphides. 
The ore b milled by amalgamation and concentration, and 
the concentrate b cyanided. About 48 per cent of the 
gold b recovered by amalgamation, and 46 per cent by 
concentration and cyanidatioo. The average value of the 
ore b a few cents less than a dob. per ton. These ores 
are the lowest grade gold ores in the world successfully 
mined and milled at a profit, with the exception of those 
ores io some smaller mines, such as the Wasp No. a, in 

the Black Hills of South Dakota. 

Grass Valley , Nevada County , Cal .— The ore deposits 
In Grass Valley, Nevada County. Cal., are quarts veins in 
er upti v e rock (grano-diorite). The ores consist essentially 
of Quarts, through which b disseminated about a to 5 per 
cent of the sulphide minerals, chiefly pynte, although 
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small quantities of arsenopyrite, galena, chateopyrite, and 
sphalerite are also found. The gold occurs chiefly io the 
free sum, although part of it b intimately a s so ciat ed with 
the sulphides. The ores are treated by a malgam ation and 
concentration ; the concentrate b cyanided or smelted. 
The gold content of the ores differs at the several mines 
of the district. In the Grass Valley mines an average 
value b about 10 dob., whereas in the Nevada City m in es 
it b somewhat lower. 

Ores in which the Qold is tartly Free hut chiefly 
Associated with Iron Sulphide Minerals . 

Ouray, Colo.— The ore deposit worked by the Camp 
Bird Mine, Ouray, Colo., b a vein io eruptive rock. The 
main gangue mineral b quarts, but calcite, rhodonite, 
and chlorite are also present. The sulphide minerab 
found, io order of their importance, are pyrite, galena, 
chalcopyrite, and sphalerite. Some magnetite b prsseot. 
The gold b io part free and intimately associated with the 
magnetite and galena, and to a baser extent with the 
pyrite. The silver present b associated with the galeoa. 
96 per cent of the ore value b in gold. The gold, 
which occurs as a gold-silver alloy, b 740 fine ; the re- 
mainder, 260 parts, is chiefly silver. The average com- 
position of the ore as milled b as follows Silica, 85*10 
per cent ; galena, 0*50 per cent ; chalcopyrite, 0*80 per 
cent ; pyrite, 6*5 per cent ; magnetite, 0*5 per cent ; 
sphalerite, 3 per cent ; rhodonite, 2*50 per oeot ; alumina, 
1*50 per cent ; the ore b milled by amalgamation, con- 
centration, and cyanidation, and 95 per cent of the ore 
value b extracted. Of this, 64 per cent b r e cov er ed by 
amalgamation, 7 per cent by cyanidatioo. and 29 per oeot 
by concentration. The concentrate, which b smelted, has 
the following analysb: -Gold, 2*21 ounces per too; 
silver, 20*9 ounces per ton ; lead, 9*8 per cent ; copper, 
2*4 per cent ; silica, 12 8 per cent ; boo and manganese, 
20 9 per cent ; lime, 3*8 per cent ; xinc, 14*5 per cent ; 
and solphur. The value of the ore in 1911 was about 24 
dole, per too. The Camp Bird Mine works a high-grade 
ore, aod although it b now nearing exhau sti o n , it was one 
of the great mines of the world. 

Motto Velhoe Mine , Minas 1 ernes, BrasU. — The ore 
deposits of the Motto Velhoe Mine, Minas Garaes, 
Brasil, are veins in schistose rocks. The average 
mineralogical composition of the ore b Pyrrhotite, 18*5 
per cent ; arsenopyrite, 5*04 per oent ; pyrite, 1*5 per 
cent ; chalcopyrite, o*66 per cent ; quarts, 24*10 per cent ; 
•iderite, dolomite, and calcite, 39*20 per oent. The 
chemical analysb b:— Silica. 24*10 per cent; boo, 31*47 
per cent ; arsenic, 2*32 per cent ; sulphur, 13-51 per oent ; 
alumina, 3 per cent *, mang an es e dioxide, 1*30 per cent ; 
lime, 3*08 per cent ; magnesia. 6*51 per oent ; copper, 
o*si per cent ; carbon dioxide, Ac., 14*49 per cent. The 
ore b milled by amalgamation and concentration, the 
concentrate being treated by a special process at the mine. 
The ore has a value of 10 to 15 dob. per too, of which 
about 70 per cent b recovered by amalgamation, and 10 to 
12 per oeot from the concentrate. The high percentage 
of sulphides in thb ore is a noteworthy feature. 

Ores containing Gold in C hemic al Com bi nati o n , chiefly 
as Tellnrides. 

Cripple Creek, Cub.— The Crippb Creek, Colo., ore 
bodies are veins io eruptive rocks. The veins are na rrow, 
and the ore as mined co n tai ns considerabb wall rock, 
which maybe either granite or pbonolite. Aside from thb 
included rock, the chief gangue m i n er a b ate quaru, 
fluorite, and dolomite. Gold occurs as the tsll u rl dse, 
cabverite, sylvsnite, and krennerile, stated is order of thub 
importance. With the tellnrides are associated pyrite and 
sphalerite as the chief sulphide minerals, but they are 
probably not gold-bearing. Galena, stibnlte, tetrahedrite, 
and molybdenite io small amounts are found. The ores 
contain a small quantity of silver, which b a nonstltueat 
of the tellnrides. The average chemical nnmresllian of 
the ore b as follows Silica, 57 per cent ; aJumiaa, a 
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per cent ; iron, 4 per cent ; magnesia, 0*8 per cent ; lime, 
1*50 per cent ; alkalis (soda and potash), 10*5 per cent ; 
sulphur, 2*5 per cent; very small quantities of sine, 
copper, arsenic, lead, and molybdenum. The grade of the 
otes varies much from high-grade smelting ore to low- 
grade milling ore. Old dumps containing ore valued at 
3*50 to v8o dole, per ton are successfully treated by 
cyanidation. The average value of the ore mined in the 
district is probably about 19 dols. per ton. The Cripple 
Creek district is one of the world’s great goldfields. 

Goldfield , Nev . — The Goldfield, Nev., ore deposits are 
veins in eruptive rock (dacite). The ore is essentially a 
silicified dacite consisting of 50 to 75 per cent quartz ; 
kaolinite and alunite (a hydrated sulphate of alumina and 
potassa), and 5 to 7 per cent of pyrite. Minerals present 
in small amount, but closely associated with the gold, are 
bismuthinite and tetrshedrite. A small amount of chalco- 
pyrite is found. The gold occurs both free and closely 
associated with other minerals, and perhaps in the form 
of tellurides, possibly calaverite and other rarer telluride 
minerals. The gold is accompanied by some silver, the 
ratio being about 65 to 1. The following is a typical 
analysis of very high grade ore Silica, 77*08 per cent ; 
alumina, 4*96 per cent ; iron, 3*63 per cent ; calcium, 
magnesium, and manganese oxides, 0*92 per cent ; potassa, 
1*42 per cent ; soda, 3*22 percent ; copper, 0*37 per cent ; 
bismuth, x percent ; tellurium, 0*14 per cent ; sulphur, 4*80 
per cent; gold, 131*24 ounces; and silver, 20*42 ounces 
per ton. Most of the ore of the district is treated by com- 
bined amalgamation, cyanidation, and concentration, the 
ore of the Goldfield Consolidated Mine, the largest producer 
of the district, having an average value of 19.77 dole. during 
1912. Table VI. are analyses of typical higher grade 
ores as shipped to smelters. 


Table VI . — Analysts of Typical High-grade Ores 
from Goldfield Consolidated Mine. 



Analysis No. 1 . 

Analysis No. a. 

Gold (ounces).. •• 

5*40 

5*21 

Silver (ounces) 

34*61 

5*42 

Silica (per cent) . . 

67*3 

458 

Iron (per cent).. .. 

3*4 

56 

Sulphur (per cent) . . 

1*4 

♦•8 


KalgoorUe , Australia .— The Kalgoorlie, Australia, ore 
bodies are veins in chloritic schist. The gangue of the ore, 
aside from included country rock, is chiefly quartz, 
cslcite, siderite, and dolomite, through which is scattered 
considerable pyrite. The gold occurs chiefly as the 
tellurides, calaverite, sylvanite, and petzite, but some free 
gold is found. Some telluride of mercury occurs. The 
following analysis represents typical ore Silica, 60*6 
per cent ; alumina, 5*75 per cent ; pyrite, 5*32 per cent ; 
carbonate of lime, 11*19 per cent *, carbonate of magnesia, 
5*29 per cent ; carbonate of iron, 10*23 per cent ; alkalis 
(by difference), 1*62 per cent. The value of the ore 
varies from about 7 to 17 dols. per ton at the different 
mines, with an average value of about zo to xx dols. for 
the district. The ores are treated by cyanidation. This 
district is the great goldfield of Australia. 

Gold-diver Ores . 

(Both silver and gold present in considerable amount). 

Liberty Bell Mine , Colo . —The ore body worked by the 
Liberty Bell Mine, Colo., is a vein in eruptive rock 
(andesitic breccia). The mineralogical composition of the 
ore is as follows Quartz and clay, 84*44 P*r cent; 
calcite, 9*45 per cent ; apatite, 0*20 per cent ; pyrite, 3*60 
per cent ; arsenopyrite, 0*24 per cent ; bornite and chalco- 
pyrite,o*i5 to 0*23 per cent; some manganese oxides. 
The gold occurs free and closely associated with sulphides. 
The silver is present as argentite, and as free silver and in 
more complex mineral form. Galena, sphalerite, and 
tetrshedrite occur only occasionally. The value of the 
ore is about 8.3s dols. per ton, the ore containing 0*31 
ounce of gold and 3*45 ounces of silver per ton. The ore 


is treated by amalgamation, concentration, and cyanida- 
tion. Typical concentrate has the following analysis 
Gold, x*43 ounces per ton ; silver, 28 8 ounces per ton ; 
silica, 9*4 per cent ; iron and manganese, 38*8 per cent ; 
lime, x per cent; zinc, 2*6 per cent; sulphur, 31*2 
per cent. 

Las Dos Estrellas , near El Oro , Mexico. — The ore 
bodies at Las Dos Estrellas, near El Oio, Mexico, are 
veins in shales associated with eruptive (andesite). The 
ores milled are both oxidised and unoxidised, and consist 
of quartz, altered shale, and andesite. In the unoxidised 
ores considerable pyrite is present. The gold occurs in 
the free state, but very finely divided ; the silver occurs as 
argentite in the sulphide ores, and as chloride and metallic 
silver in the oxidised ores. Zinc, lead, and copper 
minerals are practically absent. The ore as mined con- 
tains about o*4 ounce of gold and 7 to 8 ounces of silver 
per ton. It is treated by cyanidation. The mines in the 
vicinity of El Oro are among the most important mines in 
Mexico, and rank with the world’s greatest gold mines. 

Silver Ores. 

Ores containing chiefly Native Silver. 

Batopilas , Mexico. — The Batopilas, Mexico, ore deposits 
are veins in eruptive rock (diorite). The ore is essentially 
native silver in calcite as a gangue mineral. The silver in 
the low grade ores is very finely disseminated throughout the 
gangue, most of it being of such fineness that it will pass a 
40 to 60 mesh screen. Silver is found also in large masses, 
and is unusually pure. In the low-grade ores the native silver 
is associated with argentite, pyrite, galena, and sphalerite. 
Silver minerals such as cerargyrite were found only in 
the upper oxidised part of the vein. The low-grade ore 
and the tailings from rich ore are treated by concentration, 
amalgamation, and cyanidation. 

Cobalt , Canada. — The Cobalt, Canada, ore bodies are 
veins in a complex of metamorpbic rocks and Huronian 
conglomerate associated with an eruptive rock (diabase). 
The gangue of the ores is largely calcite, with frag- 
ments of wall rock and some quartz. The silver occurs 
chiefly as native silver, frequently in large masses and 
nuggets, but also in small grains, rather finely disseminated. 
Silver minerals, as dycrasite (antimonial silver, Ag 3 Sb), 
argentite, and pyrargyrite, are also found, but are sub- 
ordinate in importance. Associated with the silver are the 
minerals smaltite (cobalt nickel arsenide, CoNiAsa) and 
niccolite (nickel arsenide, NiAs), and other cobalt nickel 
minerals. The nickel cobalt content of the ores is not as 
vet of much commercial importance, but will probably 
become so. The value of the ores varies much, as they 
range from high grade to medium grade. Ores containing 
more than 100 ounces of silver per ton are milled or 
shipped and smelted, and ores with a lower metal content 
are first concentrated. Typical shipping ore has the 
analyses given in Table VII. 

Table VII. — Analyses of Typical Shipping Ore from 
Deposits at Cobalt , Canaaa. 

Analysis No. x. Analysis No. a. 
Silver, per ton (ounces) 630*3 187*6 

Copper (per cent).. .. o*x o*x 

Silica (per cent) .... 6*8 58*1 

Iron (per cent) .... 7*8 6*2 

Lime (per cent) .... 7*8 3*8 

Arsenic (per cent) . . .. 34*9 x*2 

Sulphur (per cent) • . 2*4 4*0 

Cobalt and nickel.* .. Considerable Considerable 

The average silver content of concentrating ore in 19x0 
was about 27 ounces per ton. The concentrate is shipped, 
and the tailings from concentration at a number of mills 
are treated by cyanidation for a further recovery of silver. 
Cobalt is the world’s greatest silver district. 

Ores containing Silver chiefly as Argentite. 

Pachuca , Mexico.— Th* Pachuca, Mexico, ore bodies 
are veins in eruptive rocks (andesite). The gangue of the 
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ores it essentially quarts, although in tome mines of the 
district rhodonite is an important gangue mineral. Some 
clay occurs, and in places a little calcite. Practically all 
ores now mined ace unoxidised. The sulphide minerals 
are present only in smell amount, and consist of 
pyvite, a little galena, and chalcopyrite. The great Santa 
Geruudis vein is remarkably (res from sulphides other 
than argentite, the form in which practically all the silver 
occurs. The ratio of silver to gold is about aoo to i by 
weight. In some of the mines a little native silver is 
found with the argentite. Other silver minerals are com- 
paratively rare. The ores of the Santa Gertrudis range in 
value from to to 20 dol*. psr ton. The Pachoca district 
is one of the great silver districts of Mexico. The ores 
are treated by cyanidation. 

Ckshuahu e, Mexico . — The 01 e bodies at Chihuahua, 
Mexico (Palmerejo mines), are veins in eruptive rock. 
The gangne is largely siliceous, included rock and quarts 
with some oxide of manganese and calcite, through which 
is disseminated a small percentage of pyr ite and the silver 
minerals. The chief silver mineral is argentite, though 
some stephanits and cerargyrite are present. Very small 
quantities of antimony, arsenic, bismuth, copper, and sine 
are found. The ore contains about 4 dols. worth of gold 
and 30 ounces of silver per ton. It is treated by con- 
centration and cyanidation. 

Silver present in fart as Complex Silver Minerals . 

(Or associated with appreciable amounts of argentiferous 
galena or sphalerite). 

Parral , Chihuahua , Mexico (Veto Colorado ). — The ore 
bodies at Parral, Chihuahua, Mexico, are quarts veins in 
shale or limestone associated with eruptive rocks (quarts- 
andesite dikes). The gangue is quarts through which is 
disseminated 2 to 3 per cent of pytite, and galena and sine 
blende op to 1*5 per cent each, and the silver minerals, 
chiefly argeotite, with a small amount of cerargyrite. A 
very small amount of copper is present. Gold is practic- 
ally absent. The ore is treated by concentration and 
cyanidation. 

Ouanajuato , Mexico , (Veto Madre).— The ore body at 
Guanajoata, Mexico, is a large vein io a calcareous 
agglomerate and other detrital rocks, associsted with 
eroptives (rhyolite, andesite, and granite). The gangue 
consists of quarts, some calcite, and fragments, 
of country rock cemented by silica, and impregnated 
with pyrrbotite and pyrite. The silver minerals 
are* chiefly argentite, stepbanite, and pyiargyrite, and 
some proustite and polybasite. Gslena, chalcopyrite, 
and sphalerite are rarely found. The amount of gold is 
about 0*005 that of silver present, by weight. The 
analysis of the milliog ore is as follows: — Insoluble 
(silica), 85 per cent ; iron, 6 per cent ; sulphur, 2*5 per 
cent ; lime, 2 per cent. The ore contains about 14 ounces 
of silver and 0*06 ounce of gold per ton. It is treated by 
concentration and cyanidation. Guanajuato is one of the 
oldest silver-mining districts in Mexico, mining there 
having been begun shortly after the Spanish conquest. 
The district has produced enormous quantities of 
•Over. 

Tonofah , Niv.-Tbe Tonopab, Nev., ore bodies are 
veins in an eruptive rock (andesite). The gangue of the 
ore consists chiefly of quarts, with adularta (potash 
felspar), muscovite, and a small amount of carbonates of 
It me and msgnesis. The sulphide minersls are chiefly 
those of silver, argentite, polybasite, stephanits, and 
py r ar gyrite. Pyrite is present only in very small amount. 
Galena, sine blende, and chalcopyrite are found in in- 
significant quantities only. Selenium occurs in the ores, 
probably in part as a selenide of silver. The ratio of silver 
to gold by weight is 90 to 1. The average value of the 
ore is about 20 dolt, per ton. The greeter part of it is 
treated by concentration and cyanidation, and some of 
the higher* grade ore is shipped to smelters. Typical 
analyses of smelting ore are given in Table VIII. 


Table Vlll.— Typical Analyses 0/ Ssaeltitsg Ore from 
Tonopah , Nev. 


AaelrrisNo. 1. 

Gold, per too (ounces). . 0*91 

Silver, per ton (ounces) 88*17 

Lead None 

Copper None 

Silica (per cent) . . . . 78*9 

Iron (per cent) .. .. 1*8 

Sulphur (per cent) .. 1*2 


Aaabrii No. s. 


o*57 

58*11 


None 

* 4*0 

1*8 

1*1 


Aspen , Colo . — Certain mines at Aspen, Colo., produce 
a silver ore with a limestone gangue which has consider- 
able value as a flux In lead smelting. Typical analyses 
of this ore are given in Table IX. 


Table IX .— Typical Analyses oj Ore from Aspen , Colo. 

Analysis No. 1. Analysis No. s 

Gold None None 

Silver, per ton (ounces) 7*4 7*1 

Lead (per cent) 0*30 o*so 

Copper None Nooe 

Silica (per cent 4*2 7*0 

Iron and manganese (per cent) 1*3 1*7 

Lime (per cent) 43*4 57-9 

Zinc (per cent) 0*3 0*6 

Sulphur (per cent) 0*8 0*6 


Creeds , Colo. — The Commodore Mine at Creede, 
Colo., produces a highly siliceous silver ore chiming 
some lead that is useful to the lead smelter in con- 
centrating lead-copper matte. The following as a typical 
analysis of this ore : — Gold 0*01 ounce and silver 23*5 
ounces per too *, lead, 2 percent ; copper, none ; ineoluble, 
82*6 per cent; true silica, 71*8 per oeot; iroo and man- 
ganese, 4*2 per cent ; lime, 0*3 per cent ; sine, 0*3 per 
cent ; sulphur, 2*1 per cent. 


COPPER SULPHATE. 


The Minister of Monitions, in exercise of the powers con- 
ferred opon him by the Defence of the Realm Regula- 
tions, and of all other powers enabling him hereby 
Orders as follows : — 

1. For the purposes of this Order the maximum prices for 
sulphate of copper shall be as follows 

(а) In the case of sales for delivery free on rail, cart, 
barge, or ship, a maker’s works or nearest siding or railway 
station, or nearest available wharf, the prices specified in 
the first schedule, hereto according to the date on which, 
under the terms of the contract for sale, delivery is to be 
made. 

(б) In the case of sales for delivery to consumer's 
premises or nearest station, aiding, or wharf direct from 
maker’s works the maximum prices under paragraph (a) 
above plus all costs of transport from makers' works to 
place of delivery, excepting that where transport is partly 
by rail or water, no charge is to be made for costjof cartage 
or haulsge by road from makers’ works to railway station, 
siding, or wharf. Any cartage or haulage to consumer's 
premises to be charged at local rates. 

(0 In the case of sales for delivery ex vendor’s store or 
shop or ex war house, railway goods yard, or public wharf, 
the prices specified in the second schedule hereto according 
to the quantity of sulphate of copper included io the sale 
and the date 00 which, under the terms of the contract of 
sale, delivery is to be made. 

(d) In the case of sales for delivery to consumer's 
premises from vendor's store or shop, or from warehouse, 
railway goods yard, or public wharf, the maximum prioee 
authorised under paragraph (r) above, plus all coats of 
transport from vendor's store or shop, or from warehouse, 
railway goods yard, or public wharf to consumer's 
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premises, any cartage or haulage by road to be charged at 
local ratee. 

a. The maximum price* fixed by thia Order are not 
prompt cash price* for sulphate of copper in maker’s or 
vendor’s bags. Where credit is given to the purchaser a 
reasonable extra charge may be made, provided that the 
disconnt allowed for net prompt cash is quoted on the 
invoicet and is such as to bring the net prompt cash price 
within the maximum authorised. If purchaser’s bags or 
other packages are used a reasonable allowance shall 
be made. 

3. The maximum prices fixed by paragraphs (a) and (b) 
of Clause z of this Order shall not apply to any sale by a 
maker for delivery as mentioned in those paragraphs 
where the quantity of sulphate of copper included in the 
sale is less than z ton, and none of the provisions of this 
Order shall apply to any sale of sulphate of copper for 
export from the United Kingdom. Save as aforesaid no 
person shall as on and from the day following the date of 
this Order until further notice effect or offer to effect any 
sale or purchase of sulphate of copper for delivery pre- 
viously to September z, zgzb, at a price exceeding that 
prescribed by this Order as the maximum price (having 
regard to quantity, packages, date for the terms of 
delivery) of such sale. 

4. The maximum prices fixed by this Order are for sol 
phate of copper of standard quality ; i.#., of not less than 
98 per cent purity, and as on and from the day following 
the date of this Order no person shall effect or offer to 
effect any sale or purchase of sulphate of copper of less 
than standard quality for delivery previously to September 1, 
Z9Z8, except under and in accordance with the terms and 
provisions as to price or otherwise of a licence issued by 
or under the authority of the Minister of Munitions. 

5. All persons engaged in producing, making, selling, 
distributing, or storing sulphate of copper shall make such 
returns with regard to their businesses, and shall verify the 
same in such manner (including production of their books 
to any accredited representatives of the Minister of 
Munitions) as shall from time to time be required by or 
under the authority of the Minister of Munitions. 

6. For the purposes of this Order and the schedules 
hereto, sulphate of copper shall mean and include sulphate 
of copper, oloe stone, and blue vitriol. 

7. Nothing contained in this Order shall affect any 
Order heretofore or hereafter made by the Minister of 
Munitions with regard to copper. 

8 . This Order may be cited as the Copper Sulphate 
Order, Z9Z8. 

Not *. — All applications in reference to this Order 
should be addressed to the Director of Acid Supplies, 
Ministry of Munitions, Department of Explosives Supply, 
Storey’s Gate, Westminster, S.W. z, and marked 11 Copper 
Sulphate." 

First ScheduU. 

Date of delivery. Price. 

i anuary- February, Z9Z8 . . £48 per ton. 

larch- April, zqz 8 £5° « 

May-August inclusive, Z9Z8 . . £52 „ 


Stcond SchtduU . 
Quantity included in tale. 

a cwt. and over 

56 lbs. and over, but leu than 2 cwt. 
28 „ „ n 5 6 lb*. 


Date for delivery. 


Jan.* March- May- 
reb. April. Aug. inc 
Cwt. Cwt. Cwt. 
J4«- 5S«- 56 *. 

56*. 57,. 58*. 
588. 59S. 60S. 

Lb. Lb. Lb. 
6Jd. 7d. yd. 

* 1 8d. 


■ 1 ■ a ts. a 


NEW PATENT 3 AND DESIGNS BILL, Z9Z7. 

If ever there was a time when the Inventor should be 
encouraged it is now. It has often been said that this 
country owes it great industrial prosperity to its inventions 
and industries. The inventors of Great Britain have enabled 
British manufacturers to build up great industries which 
have been the envy of Germany. 

When peace comes there will be the 44 after War " trade 
to consider and the restoration of our trade and industries, 
and, therefore, if we are to hold our own with other 
nations we must give every encouragement to our inventors. 
The inventor has in many ways suffered very severely from 
the conditions arising from the war. For instance, it has 
been impossible to manufacture, or to obtain the raw 
material to manufacture, patented articles for which orders 
have been obtained ; while the sale of the patent rights is 
stopped owing to the knowledge that it is impouible to 
manufacture under the prevailing conditions, and to the 
restrictions applied to the dotation of new companies. 

Messes. Hughes and Young, Patent Agents, of Chancery 
Lane, London, write os that a Bill is now before Parlia- 
ment purporting in one of its sections (7) to provide a 
remedy for the loss suffered by patentees from this cause, 
but from the views expressed by inventors in all parts of 
the country the Bill as it stands before Parliament does 
not in any adequate manner make provision for the recom- 
pense of the inventor of limited means who, owing to the 
war conditions, has been unable to reap the benefit from 
his patent which otherwise he would have realised. 

It appears that the proceedings under the Bill now intro- 
duced will differ materially from those hitherto in vogue 
for prolonging the life of a patent. The Bill proposes 
that a patentee at the end of the term of bis patent rights 
should appeal to the Court (an expensive procedure) for a 
prolongation of the patent, when proved hardships suffered 
by reason of the war should be held to be grounds justifying 
the grant of an extension of the patent. 

This is no real remedy for many a poor inventor with an 
effective commercial invention at the outbreak of war. 
With his patent in the early years of its existence he had 
prospects of reaping a reward for his endeavours, and bad 
in fact succeeded in placing bis invention upon the market, 
after expending all bis capital and a considerable amount 
of labour, and then owing to the difficulties of obtaining 
material found it impossible to execute the order or comply 
with contracts in hand. This has spelt ruin to him, and in 
consequence he has been obliged to abandon his patent 
without the slightest prospect of continuing it for the four- 
teen years and then finding funds for the prosecution of an 
appeal to the Court. 

Messrs. Hughes and Young suggest that the Comptroller 
of the Patent Office should have power, in regard to casea 
in which he is satisfied that war conditions have been the 
actual cause of hardship of the above nature to the holder 
of a British Patent, to order that the period of time covered 
by the duration of the War should not count in the life of 
the Patent, and to waive the payment of any renewal fees 
falling doe during such period. Any inventor who is affected 
should communicate with his Member of Parliament with- 
out loss of time. 


Ministry of Munitions of War, 
WbitsbsU Place, 8.W., 
Febmary 14, 1918. 


Announcement. — Messrs. W. H. Smith and Son 
have been commissioned to distribute two million copies 
of the pamphlet “ Murder Most Fool," which contains an 
Address delivered in Baltimore, U.S.A., by Dr. Dwight 
Hillis, after a visit to the western battle front. A know- 
ledge of the dealings of the Hun with the villagers of 
Belgium should be spread to the most remote parts of our 
country, and Messrs. W. H. Smith and Son are doing a 
work of great national utility in arranging for the distri- 
bution of the pamphlet. It is to be hoped that its circula- 
tion in England will attract the same widespread interest 
as in America, where it was the means of first bringing 
home to many people the true nature of the Prussian. 
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ROYAL SOCIETY. 

Ordinary Muting, January 31, 1918. 

Sir J. J. Thomson, O.M., President, in the Cheir. 

Papers were resd ee follows 

M The Growth 0/ Trees .** By A. M alloc x, P.R.S. 

In this paper an account is is given of some recent 
observations of the growth of trees. 

The observations consisted in the measurements, at short 
interval of time, of the variation ot the girth of the trees 
at a height of four or five feet above the ground. 

The measures were made by an " interference " method 
which ia described. 

The results showed a well-marked daily period in the 
variation of girth, different for different species of tree, 
hot 80 all cases having a maximum at night and a minimum 
shortly after noon. 

Diagrams of sets of observations, each extending over 
several days, are included, showing the growth of a black 
poplar, an oak, and a Douglas fir. From twenty to 
thirty readings were taken in the course of each twenty- 
four hours. 

M Action oj Light Rays on Organic Compounds and the 
Photosynthesis of Organic from Inorganic Compounds in 
Presence of Inorganic Colloids ." By Prof. B. Moore, 
D.Sc., F.R.S., and T. A. Webster. 

The results are recorded under three sections : — (a) 
photosynthesis by inorganic transformers ; (6) action of 
sunlight and of ultra violet light upon concentrated solo* 
tion of formaldehyde; (c) the general formation of form- 
aldehyde by the action of light upon organic substances 
of biochemical origin. 

In the first section the reactions of a number of inor- 
ganic systems in presence of carbon-dioxide and expo- 
sure to light are investigated, and it is shown that certain 
of these can build up formaldehyde while others arc inert. 
The activity is shown to be related to the development of 
an optimum degree of colloidality, and is not doe to forma- 
tion of higher or lower oxides, but more probably to sur- 
face condensation on interfaces. 

The second section deals with the condensation of 
formaldehyde to form reducing substances leading to carbo- 
hydrates, and discusses the conditions favourable for 
each condensations. The energetics of such a system are 
treated of in this section, and the effect of general or local 
concentration are considered. The equilibrium point in 
reversible reactions is shown to be dependent on concen- 
tration. 

In the concluding section a general reversible reaction is 
described as a result of which formaldehyde rises in all 
intense reactions of light upon substances of bio-chemical 
origin. This reaction in presence of excess of light is an 
interesting reverse of the process by which all organic 
matter has been built up from inorganic sources. 

The bearing of this process upon the germicidal action 
of sunlight, and the destruction of living organisms by 
ultra-violet light, ia discussed, and it is pointed out that 
the simple organic products so formed are incompatible 
with the life-processes of living organisms and so lead to 
their destruction. 

Taking such a reaction as travelling in the reverse 
direction, it ia shown that the building up of organic matter 
from inorganic most have been a necessary precedent to 
any existence of living organisms on the earth, and that 
all accumulations of redoced substances possessing stores 
of chemical energy most have arisen in this manner from 
t torage of the energy of sunlight. 

44 Isolation and Serological Differentiation of Bacillus 
Tetani. ByCapt. W. J. Tulloch, R.A.M.C. 

1. More than one variety of non toxic endjqwring bacillus 
resembing Bacillus tetani . in morphological characters 


disease. 

a. There are at least three different types of toxic 

B. tetani . 

3. The “ U.S.A. type " of the bacillus — that commonly 
used for the preparation of antitoxin — is not fre quen tly 
obtained from wound-exudates in cases of the disease 
occurring among men who have received prophylactic 
iirocolations of antitetanic serum. 

4. Culture in a selective medium followed by agglutina- 
tion of the washed growth in presence of the three-type 
sera, gives valuable information. It is, however, 
apparently not so delicate a test for the presence of B, 
tetani as is animal inoculation after culture of the wound- 
exudate. 

M An investigation into the Periodicity of Measles R+i 
demies in the Different Districts ot London for the years 
1890-1912.** By J. Brownlee, M.D. 

This paper contains a continuation of the investigation 
of the periodicity of epidemics of measles in the city of 
London. The data investigated ia this communication are 
the weekly number of deaths in certain different districts 
of London for the years 1890- 1912. In the previous paper 
it was found that during these years the chief epidemic 
periodicities were respectively 87, 97, 190}, and 114 weeks, 
the most marked period being that of 97 weeks. It is 
found now that the epidemic with the 87 weeks period occurs 
solely south of the Thames, where it is a very marked 
phenomenon ; that the epidemic with the 97 weeks period, 
while very marked in the whole of Loodoo, is especially 
marked in the western district ; that the epidemic with the 
1094 weeks period is present throughout London with the 
exception of the east, but is most marked in the western 
districts, while that with the 114 weeks period U most 
marked in the central districts and least present in the 
eastern districts. The most important fact, however, found 
is that the epidemics of different periods have special 
phenomena of their own. In the case of the chief period, 
that of 97 weeks, the epidemic practically breaks out 
synchronously in the whole city. In the case of the epi- 
demic with the 87 weeks period a quite different pheno- 
menon is found, the permanent seat of this epidemic 
being St. Saviours or Bermondsey, from whence the disease 
spreads to the neighbouring districts. With regard to the 
period 1094 weeks, there is evidence that in both the con- 
ditions just described exist, this epidemic breaking out 
synchronously in several districts and extending from these 
districts to neighbouring districts. The epidemic of 87 
weeks throws some light upon the biology of epidemics. 
It is found as the epidemic extends from St. Saviour's 
peripherally that the date of the maximum of the epidemic 
becomes in each of these districts later in proportion to 
the distance traversed, and aleo, which is more important, 
that the number of the susceptible children affected becomes 
progressively lees as the epidemic extends ; in other words, 
this epidemic does not seem to die out from lack of sus- 
ceptible persons, but because of lose of power of infec- 
tivity on the part of organism causing the epidemic. 


PHYSICAL SOCIETY. 

Ordinary Meeting , January 25, 1918. 

The Presidential Address was delivered by Prof. C. V. 

Boys, F.R.S. 

The exigencies of the war had seriously impeded the 
work of the Physical Society, as of all our scientific insti- 
tutions. Many members were at the front ; many others 
were busy on war work, and there was little time available 
for normal scientific pursuits. Sioce his predecessor's 
address the scientific community had been stirred to an 
extent which be thought was unnecessary by the passing of 
the Daylight Saving Act. Scientifically the thing was a 
sham, and as such was naturally distasteful to us ; but the 
community at large was not scientific, and had a very 
vague notion of the meaning of time. In the stress of war 
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the public bad realised the desirability of starting the 
day earlier to save not daylight bat paraffin and gas, and 
the simple operation of putting all the clocks wrong, 
though hateful in principle, did not disturb the public 
at all. 

In reference to the question of the metric system this 
was important in relation to education. He believed the 
reason why English schools were so backward in mate- 
rnities was that so much of the available time bad to oe 
devoted to memorising tables of weights and measures and 
similar medieval relics. 

Another matter of public importance was the recognition 
of science as an element of general education. It is some- 
times urged that our officials need not be scientific, 
because they can get all the scientific advice they want. 
But they may not know when they reauire it, or appreciate 
the force of it when they get it. He might insrance in 
this connection the wasteful method of street darkening 
which still prevails after three years. The annual trouble 
with froaen water pipes was another example of the general 
ignorance of scientific principles. Burst pipes were un- 
known in really cold countries, where the elements of 
common sense were allowed to prevail. 

All his own contributions to physical science bad been 
experimental, and some words on the art of experiment 
might not be out of place. In order to succeed as an ex- 
perimentalist it was necessary to find by personal experi- 
ence bow as many materials as possible behave under as 
many conditions as possible, and this can only be done by 
one who will practise every art and use every tool and 
instrument that he can. While endeavouring at first to 
imitate the practices of the professional mechanic and 
acquire as much of his skill as possible, the experimen- 
talist most not be bound by tradition and custom in his 
methods. It is the slavery to tradition and practice that 
makes the assistance of the professional so tiresome to the 
experimentalist. In this connection a saying of Fresnel 
bad greatly impressed him— M If you cannot saw with a 
file and file with a saw you will be no use as an experi- 
mentalist, n or words to that effect. He had made it his 
business to use every tool and to handle every material 
that he could. On one occasion be had had the somewhat 
rare opportunity of handling five or six large uncut 
diamonds, each as big as a walnut. Glass blowers are 
familiar with the difference in the contact of freshly blown 
bulbs and of bulbs some time blown ; but the contact of 
diamonds was unlike either. When brought lightly into 
contact they emit a curious squeaking note o! possibly 
2000 vibrations per second. This meant that the diamonds 
were bouncing with slowly diminishing excursions of 
x/8o,oooof an inch approximately, a phenomenon only 
possible with a material of such perfect elasticity or hard- 
ness. It was possible that a test of this kind might be 
useful for discriminating between the hardness of the 
harder materials. The whole question of what hardness 
was, and if, indeed, it were really a definable quantity 
having definite dimensions, was one to which the attention 
of physicists could profitably be diverted. Another such 
question was that of the oiliness of lubricants. This 
appeared to depend on something other than viscosity. 
Animal and vegetable oils lubricated better than mineral 
oils of the same viscosity. 

A vote of thanks to the President for his Address was 
moved by Dr. C. Chubb and seoonded by Principal 
Skinnbr. 


RONTGEN SOCIETY. 

At the meeting of the Society, held on February 5, Dr. 
Battbn read a paper on “ A SimpU Means of obtaining 
Static Currents from an Induction Coil .” The method 
consists in connecting one secondary pole of the coil to 
earth, whilst the other is connected through a series spark 
cap, oscilloscope tube, and a series condenser to the 
patient, who is placed on an insulated stand. The function 


of the condenser would appear to be that of a high resist- 
ance. The advantages of the apparatus are two-fold. In 
the first place, it overcomes the troubles due to a wet 
climate, from which the static machine always suffers; and 
secondly, it affords an inexpensive means, to those already 
possessing an induction coil, of obtaining corrents similar to 
those produced by static machines. 

Mr. E. E. Burnside read a paper describing a new 
Mobile Snook Apparatus. This is constructed on the same 
principle as the larger pattern hitherto in use, but is made 
in a more compact form by reducing the maximum spark 
gap to 7 inches. 

Mr. Burnside also showed a small transformer con- 
structed for employing the continuous current main supply 
to heat the spiral of the Coolidge tube. A small rotary 
converter changes the direct current into alternating 
current, which is stopped down to 12 volts by the static 
transformer. The secondary is well insulated from the 
rest of the apparatus, and regulation of the filament 
current is obtained by a variable choke-coil in the primary 
circuit of the transformer. 


SOCIETY OF PUBLIC ANALYSTS AND 
OTHER ANALYTICAL CHEMISTS. 

Annual General Meeting , February 6, 1918. 

Mr. George Embrby, President, in the Chair. 

The President delivered bis annual Address. 

The following were elected as Officers and Council for 
the ensuing year : — 

President — Samuel Rideal. 

Past-Presidents — Serving on the Council— (Limited by 
the Society's Articles of Association to eight in number) — 
L. Archbutt, E. J. Bevan, A. Cbaston Chapman, Bernard 
Dyer, G. Embrey, Otto Hebner, E. W. Voelcker, J. A. 
Voelcker. 

Vice-Presidents— Vi. T. Burgess, j. T. Dunn, C. A. 
Hill. 

Hon. Treasurer — Edward Hincks. 

Acting Hon. Treasurer— E. W. Voelcker. 

Hon. Secretaries — P. A. Ellis Richards, E. Richards 
Bolton. 

Other Members of Council— W. J. A. Butterfield, T. W. 
Glass, D. Lloyd Howard, G. N. Huntly, P. H. Kirkaldy, 
W. Partridge, W. H. Roberts, E. Russell, W. H. 
Simmons, G. Rudd Thompson, J. F. Tocher, J. Webster. 


Ordinary Meeting , February 6, 1918. 

Dr. S. Rideal, President, in the Chair. 

A Certificate was read for the first time in favour of Mr. 
William Herbert MUes. 

A Certificate was read for the second time in favour of 
Mr. Tom. M. McKenzie. 

Messrs. Kendall Colin Browning, M.A., Frederick 
William Edwards, John Monteath Guthrie, Frederick 
Thomas Munton, Leonard Owen Newton, and Ernest 
Walter Wright, were elected Members of the Society. 

The following papers were read : — 

“ A Modified Acetic Acid Reagent for Valenta Tests. n 
By A. E. Parkbs, F.I.C. 

A mixture of acids is recommended giving the same 
turbidity temperatures with fats and oils as pure acetic 
acid, and having the advantage of not solidifying in cold 
weather. 

41 Oiticica Oil - a New Drying Oil.” By E. Richards 
Bolton, F.I.C., and Cecil Rbvis, A.C.G.I., F.I.C. 

The authors showed specimens of the kernels of 
Conepia grmdiflora , and described the oil obtained there- 
from, which has properties closely simulating those of 
Tong oil. Analytical figures for the oil were given, and 
various uses suggested, notably as a varnish oil. 
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FARADAY SOCIETY. 

Ordinary Mating, January 14, 1918. 

A General Discussion on 44 The Sitting of Counts and 
Plot t*r ” w is presided over by Mr. Jambs Swinburne, 
F.R.S., Pest- President. 

The Chairman slid that it hid been the intention of 
the Faraday Society to initiite 1 research on this im- 
portant subject. This, however, was found to be impos- 
sible under the circumstances, and the present General 
Discussion was therefore arranged, in the hope that it 
would focus attention on existing gaps in our knowledge, 
and indicate fruitful links of investigation, and so prepare 
the ground for the proposed research. 

Dr. C. H. Desch (University of Glasgow) opened the 
discussion with a paper on •• Tks Mechanism of the Sitting 
Proass in Plaster and Count.** (See p. 37). 

Prof. Henry Lb Chatelibr (Paris) sent in a contribu- 
tion to the discussion entitled M Crystalloids against 
Colloids in the Theory of Counts ." (See p. 85). 

Prof. F. G. Donnan, F.R.S., contributed a paper on 
“ The Agglomeration of Granular Masses.** which in the 
absence ot the author was communicated by the Secretary. 

Attention is drawn to the four principal factors which 
tend to cause the caking, binding, or setting of granular 
materials, namely, the presence of unequally distributed 
stresses, of granules of unequal siae, of unstable or 
me testable forms, and of sheared crystal faces. In all of 
these cases the material under one of the stated conditions 
is more soluble than the other form ; thus solids under 
stress are more soluble than when unstressed, smaller 
granules than large granules, metastable than stable 
crystalline forms, and the amorphous surface of a sheared 
crystal p os s es s es higher solubility than the stable crystal- 
line surfaces. Hence, if the two forms exist side by side 
in contact with a solvent, the material will be dissolved 
from the one form and r epre ci pitated 00 to the other form, 
and so bridges of reprecipitated materiel will be produced, 
which will cement the separate particles into a compact 
mass. The operation of molecular forces under these 
conditions is fairly well understood, but it is not suffi- 
ciently known or appreciated by many occupied with 
industrial problems. 

Mr. A. A. Klein (Worcester, Mass.) sent in a paper on 
44 The Constitution and Hydration of Portland Cement,** 
which was read by Dr. C. H. Desch. (ice p. 62). 

A paper by Mr. G. A. Rankin, of the Geophysical 
Laboratory, Washington, en tilted ** The Setting and 
Hardening of Portland Count,** was read by Dr. C. H. 
Desch. (See p. 52). 

Mr. John Rhodin presented a u Note on the Colloidal 
Theory of Setting.” (See p. 39). 

Mr. W. J. Dibdin read a paper on 44 Ancient and Modern 
Mortar.** (See p. 61). 

A paper by Mr. E. Deny, I.A.M. (Ghent), and Mr. 
B. H Lewis, M.A. (Wishaw), on M The Effect of the 
Addition of Suitable Slag on the Setting Properties of Port- 
land Cement** was read by Mi. Lewis. (See p. 86). 

Mr. Bertram Blount read a paper on 14 The Setting of 
Count in its Relation to Engineering Structures.** (See 

$1). 

Mr. Percy C. H. West also spoke on 44 The Effect of 
the Addition of Slag to Portland Count.** 

The origin of the discussion of this subject is to be found 
in the discovery of the cementitioos properties of 
blast-furnace slag and the production of a possoolanic 
cement from this material. 

Michaclts, and at about the same time Erdmenger, in 
the seventies and eighties observed the notable results 
obtained by the addition of possoolanic materials to Port- 
land cement mortars, and these results were the first blows 
•truck in a battle which is apparently not yet coded. 


The publication of a circular by the 44 Vorwohler " 
Portland Cement Works, which were selling a Portland 
cement to which blast-furnace slag had been added, 
describing their cement as a 44 Portland cement improved 
by the addition of silica in an active form," was the next 
important incident in the conflict. 

The Association of German Portland Cement Manufac- 
turers then began to take active steps to show that such 
additions were adulterations and nothing more. Dyckerboff 
was one of the strongest supporters of this view. On the 
other side was Dr. Passow. 

The work carried out 00 an extensive scale by the Royal 
Prussian Material Testing Station generally agreed with 
the experience of the speaker, that while a Portland cement 
of relatively poor quality was often improved, a first-class 
Portland cement did not have its mechanical properties 
improved by such an addition. Yet he found that with such 
additions products could be obtained quite equal in 
mechanical properties to many Portland cements. 

There was one point which had not been recognised, 
namely, the sensitiveness of Portland cements to whioh 
soch additions had been made to sulphates contained in 
aggregates with which the cement was used. Tests which 
had been carried out by him showed that in cold, wet 
weather expansion of the concrete leading to most unde- 
sirable results was liable to occur where what may be 
described as an 44 Iron Portland Cement’' — that is to say, 
a Portland cement to which slag had been added— was 
used ; while, when Portland cement had been employed 
whh the same aggregate and otherwise in ■■■mIr * con- 
ditions, soch undesirable results did not occur. 

The whole question had been energetically debated in 
the past, and tor guidance in coming to a conclusion one 
most have regard to the prior publications concerning the 
matter. 

The subject was then thrown open for general dis- 
cussion. 

Mr. W. D.Caroe gave some practical illustrations of the 
value of the scientific inveetiganoas into the problems 000- 
nected with cements and mortars from the point of view of 
the builder. Ooe case illustrated was the stability of St. Paul's 
CatbedraL Another case led him to question the wisdom 
of excluding clay from mortar, as was dooe in the standard 
specification adopted by architects. The expansion of 
cement containing slag needed investigation, as did also 
the chemical effect of cement on stone. As ordinarily 
used cement was often a source of great danger to old 
buildings. 

Mr. A. Binns spoke of the setting of oemeot from the 
point of view of the con str u cti onal engineer. Initial set 
most not take place until the material is in poeitioo, but 
once in place toe setting and hardening should be rapid. 
He referred also to the improvements in cements during 
the last twenty years, largely due to scientific research. 
The percentage of water used in concrete was of great 
importance, and it was not sufficiently controlled. 

Mr. W. J. Cooper considered that Portland cement as 
made to day could be free from any danger of future 
expansion. Researches on the time of setting should be 
carried oot with a view ol improving setting qualities. 

Dr. T. Martin Lowry, F.R.S., spoke ol the difficulties 
that often arose on account of the setting into a hard mass 
salts like ammonium nitrate. The fundamental causa was 
recrystalliaation, but in the absence of moisture caking 
did not take place. Both caking and disintegration were 
broad, general p hen om en a, and further research was called 
for. 

Mr. F. C. Hemminos thought that to explain the setting 
of plaster of Paris it was sufficient to assums that the 
dibydrats was deposited in the interstices of the tiny par- 
ticles, and that the whole mass was not converted into 
dibydrate. In the case of crystalline salts the rrsseacs 
of a solvent medium was eseaniisl for setting. He gave 
some interesting details with regard to the eooditiooa under 
which such setting took place, and also referred to some 
commercial applications of these prohleme. 


Digitized by ^.ooQle 




g$ 


Meetings for the Week. 


iCmtcAL News, 
I Feb. xgx8 


Dr. W. Rosenhain, F.R.S., included tbe betting of 
metels in tbe more general analogous phenomena referred 
to by Dr. Donnan and the last speakers. Here also 
setting was caused by crystals adhering to one another 
very powerfully. Tbe welding of metals was in that sense 
also a case of setting. He discussed the mechanism of 
crystal-adhesion, which was not due to frictional cohesion, 
and attributed it to a film of amorphous material between 
the crystals which, possessing the properties of under cooled 
liquid, had no planes of cleavage or weakness. The theory 
was borne out by what had been said about the setting of 
cements and of crystalline aggregates. 

Dr. C. H. Bbsch summed up the results of the discus- 
sion. The differences between the crystalline and colloidal 
theories had been shown to be largely a difference in terms. 
The essential difference between cases of recrystallisation 
and of the setting of a colloidal mass lay in the solubility. 


NOTICES OF BOOKS. 


Th* Year Book of Pharmacy, 1917. London : J. and A. 

Churchill. Pp. 488. Price 10s. 

The Year Book of Pharmacy for 19x7 contains the 
usual full abstracts of original papers on pharmacy and 
chemistry published during the year. These are con- 
veniently classified and well indexed. Tbe complete lists 
of new remedies and new applications have been compiled 
for the Year Book by Mr. T. Stephenson, F.R.S.E. The 
research contains a large number of suggestions of subjects 
for investigation, and attention is called to the fact that a 
special fund exists to defray expenses connected with 
research work. The Executive Committee of the British 
Pharmaceutical Conference will be glad to receive applica- 
tions from members for grants from this fund. The sub- 
jects include tome which would probably require very 
extended investigation, while others might be elucidated 
quite quickly and comparatively easily ; in all cases the 
results would be of great practical utility. A full report is 
given of the Conference held in July in London, and the 
Address of the President, Mr. C. A. Hill, on “Our 
Medicine Supply in War Time ” is of great interest. 


British Trad* with Bratil. Hints for Manufac turns and 

Exporters, By Arthur Abbott, Secretary. Rio : 

Imprensa Inglesa. 1917* P P* 3°» 

This report is issued with tbe authority of the British 
Chamber of Commerce in Brazil, and it is to be hoped that 
it will be widely circulated among merchants and manu- 
facturers in the United Kingdom. The necessity for the 
adoption of the metric system of weights and measures is 
pointed out, and information is given as to tbe openings 
for retail stores, while detailed notes relating to tbe state 
of Brazilian trade in many commodities are provided. 
An important point to notice is tbe fact that representa- 
tives of British firms should have a good knowledge of the 
Portuguese language, not Spanish as is often supposed, 
and catalogues should be in the same language, and 
should contain full details, including prices. The Associa- 
tion of Chambers of Commerce of the United Kingdom, 
Parliament Mansions, Victoria Street, S.W., have bad 
an edition of the pamphlet printed in England, and extra 
copies may be had from them. 


Physical Society.— At the next meeting of the Society 
on Friday, February 22, 1918, at 5 p.m., at tbe Imperial 
College of Science, Imperial Institute Road, Sooth 
Kensington, S.W., the following papers will be read 
14 Note on the Use of Approximate Methods in obtaining 
Constructional Data for Telescopic Objectives,” by T. 
Smith, B.A. ; “A Suggestion as to the Origin of Spectral 
Series,” by H. Stanley Allen, M.A., D.Se. 


CHEMCIAL NOTICES FROM FOREIGN 
SOURCES. 

Nora.— All degrees of temperature are Centigrade unless otherwise 
expressed. 

Comptes R*ndus Hebdomadaires des Seances d* VAcademie 

des Sciences . Vol. clxv., No. 23, December 3, 1917. 

New Fractionating Apparatus for Petrol and other 
Volatile Products. — E. Hildt.— The vapours are passed 
through six Vigreux columns in succession ; these being 
heated externally by the vapour of a specimen of petrol 
boiling at a given temperature. Thus the vapours can be 
separated into fractions boiling at > 150°, 130— 150°, 
no— 130°, 90 — xio°, 70—90°, 50—70°, <50°. In this 
apparatus the fractionation can be performed completely, 
and errors due to air currents are eliminated. Changes of 
atmospheric pressure do not affect the fractionation. 

Bulletin d* la Societe Chimique d* France, 

Vol. xxii., No. xo, 19x7. 

Ammonio Cobaltic Molybdate, Tungstate, and 
Vanadate; Separation and Estimation of Cobalt.— 
Adolphe Carnot. — With hydrogen peroxide and a fixed 
alkali cobalt gives sesquioxide, while nickel gives the 
protoxide. In a solution containing the two metals and an 
excess of ammonium chloride and free ammonia only the 
cobalt is peroxidised and forms an ammonio cobaltic salt, 
which can be nrecipitated by ammonium molybdate. In 
the cold tbe roseo cobaltic salt [H a OCo(NH 3 )5]Cl 3 is first 
formed, but under the influence of ammonia and a moderate 
temperature it passes into tbe purpureo-cobaltic chloride. 
If it is heated still more the hexammonia aalt is formed 
and some of the cobalt is precipitated as hydrate of 
sesquioxide. Tbe luteo cobaltic chloride Co(NH 3 )6Cl 3 
remains in solution. Tbe two last chlorides can be used 
for tbe determination of cobalt by precipitation with 
ammonium molybdate. Tungstates and vanadatea give 
the same reactions as molybdates with ammonio cohaltic 
solutions. Salts of nickel are not converted into 
peroxygenated salts and may thus be separated from 
cobalt. 

Nitration of Benzoylformic Acid. — M. S. Reich and 
P. Morel. — When benzoyl formic acid is nitrated theoreti- 
cally M-nitrobenzoylformic acid should be obtained, but 
the analogy of constitution between the group O -C.COOH 
and C=COOH suggests the possibility of the NO* group 
taking the para or ortho position. This last supposition 
is not confirmed by experiment, however, the only product 
of nitration being M-nitrobenzoylformic acid. 


MEETINGS FOR THE WEEK. 

Monday, 15th.— Royal Society of Arte, 4.30. (Cantor Lecture). 

'* The Economic Condition of the United Kingdom 
before the War— the Reel Coet of the War— end 
Economic Re-construct'on," by Edgar Crammood. 

Tuesday, 26th.— Royal Institution, 3. "A National Laboratory of 
Industrial Research," by Sir Richard T. Glaze- 
brook. 

Wednesday, 37th.— Royal Society of Arts, 4.30. "Organisation of 
Commercial Intelligence," by Sir William H. 
Clarke. 

Thursday, a8th.— Royal Institution, 3 . " Three French Moralists and 
their Influence on the War— Vauvenargues," 
by Edmund Gosse, C.B. 

Royal Society. " Scattering of Light by Dnst-free 

Air, with Artificial Reproduction of the Blue 
Sky," by The Hon. R. J. Strutt. " The Lommel- 
Weber A Function and its application to the 
Problem of Electric Waves on a Thin Anchor 
Ring," by J. R. Airey. " Investigations on Tex- 
tile Fibres," by W. Harrison. "Critical Loading 
of Struts and Structure," by W. L. Cowley and 
H. Levey. 

Friday, March xat.— Royal Institution, 5.30. " The Modern Dye-stuff 
Industry," by Prof. A. G. Green. 

Saturday, and.— Royal Institution, 3. " Problems in Atomic Struc- 

ture," by Sir J. J. Thomson. 
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A PERMANGANATE ELECTRIC CELL. 

By ARTHUR W. WARRINGTON, 

Sinck permanganic acid it a more powerful oxidising 
agent than chromic acid, it seems that a cell with the 
former as depolariser should be more active than one with 
the latter. Also there seems to be no adequate reason for 
taking strong solutions; on the contrary, everything 
appears against such a proceeding. Accepting the ionisa- 
tion theory, the ions will be relatively more plentiful in a 
dilute solution than in a strong one. 

Thi Two-Fluid Parmanganata Call . — A carbon plate was 
separated from a sine plate by being placed in a porous 
jar. The capacity of the porous jar was about 250 cc., 
and that of tbe sine compartment about 700 cc. 3*16 
gnus, of potassium permanganate and, probably, a little 
over 6 cc. of strong sulphuric acid diluted with water to 
250 cc. were placed in tbe porous jar, and a strong solu- 
tion of sine sulphate in the outer compartment. The 
voltage of such a cell, measured with the only means at 
disposal, was about 2 volts. 

Two such cells connected in series with a water volta- 
meter and a tangent galvanometer were used in constant 
action for three hours and forty-six minutes, and the foil 
of current after tbe first ten minutes was from 0*09 ampere 
to 0*085. The experiment was divided into three periods, 
as the volumeter had to be refilled. During the first 
period 0*00361 grm. of hydrogen was evolved in 3855 
secs., giving a current of 0*0895 1 during the second period 
0*00368 grm. of hydrogen was evolved In 3975 secs., 
giving a current of 0*0886; during the third period 
0*00368 grm. hydrogeo was evolved in 4100 secs., giving a 
current of 0*0859 arnptre. These figures are based on 
calculations made after the first 6 cc. had been evolved. 
As the platinum electrode was already grey with occluded 
hy drogen from previoue ex pe ri menu this precaution 
appeared sufficient. Tbe current was also c h e cke d by 
readings of the tangent galvanometer, which had a 
constant of 0*150. 

The readings of the galvanometer during the s eco n d and 
third periods were very co n stant. The highest reading in 
the s e c o n d period was 30*65° and the low est 30*25°. In 
the third period the highest reading was 29*9° and the 
lowest 29*4°. 

It appears that a little over 6 cc. of strong arid should 
be added, though the writer's exp erien c e is that good 
results can be obuioed with 6 cc. Two oslls were made 
up, each containing, in tbe carbon compartment, 3*16 grate, 
potassium permanganate and 6 cc. strong arid, and 14*55 
grata, crystallised sine sulphate in the sine compartment. 
The capacity of the carbon compartment was, as already 
stated, 250 cc., and that of the sine co mpartm ent was 
about 700 cc. In series with a water voltameter and 
the tangent galvanometer they yielded the following 
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Omitting the first 398 secs., and taking the weight of 
h y d r o g en evolved during the other intervals we get 


The voltage at the end of the experiment was about 3*7. 

A bichromate call with 5*88 arms. potassium bichroes au 
and 13*72 grins, strong sulphuric arid in the carboo com- 
partment, and strong sine sulphau In the sioe compart- 
ment, was not nearly so efficient. Two such cells, 
coooected in series with a water voltameter and a galvano- 
meter, took 4965 secs, in liberating 0*003*7 grm. of 
hydrogen, the average current being 0*063* amptre. The 
galvanometer read 25*1° after the cells had beta working 
for about ten minutes, and only 22* at the end of the 
experiment. 

SinrU-FluU PtrmmguumU Cstf.— The porous jar was 
removed from the cell used before, and the sine watt 
amalgamated. Tbe capacity of the cell was now about 
1000 cc. It was filled with an aqueous solution containing 
3*16 grms. of potassium per m a ng a n a te and 6 cc. of strong 
sulphuric acid. Two socn cells connected in series with 
the water voltameter and the tangent galvanometer yielded 
0*00415 grm. Of hydrogen in 8780 secs. The current 
rapidly fell away. At the end of the first ten minutes it 
was 0*0538 ampere, and at the end of the experiment k 
was only o tmft. The voltage ol the two cells at the end 
of the experiment was about 3 volts. 

Tbe yield of electric current, by a two-Mi perman- 
ganate cell, becomes very high when the solutions used 
are very dilute. In the carbon comportment, of capacity 
*50 cc., was placed a solution containing 0*79 gras, of 
potassium permanganate and 1*5 cc. of strong sulphuric 
acid, containing about 2*64 grms. of arid. In the sine 
comportment, of capacity 700 cc., was placed an aqueous 
solution containing 3*50 grass, of crystallised sine sulphate. 
Tbe cell was connected in series with a tangent galvano- 
meter and a copper voltametet. The results are tabulated 
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Assuming that tig cons tant of the galv an ome t e r was 
K - 0*150, and applying Simpson's rale, the quantity of 
electricity yielde d eras 


Q - 1/3 x 10 x 60 x 46*572 x o*X5© 

■ 1397 coulombs. 

The weight of co pper which should have been deposited 


W - 0*00032945 x 1597 

— 0*46 grm. 

The aetaal amount of copper de p osi t ed was 0*48. 
The difference between the calculated and the found eras 
doe to the uncertainty of tha exact value of the tangent 
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galvanometer constant and the poorness of the balanc e. 
The galvanometer itself was a reasonably good one. The 
writer is waiting the arrival of better instruments, delayed 
by local disturbances, before making more than pre- 
liminary experiments. 

Now this 0-48 grm. of copper must have required the 
presence of (0*48 x 98) / 63*6 - 074 grm. of sulphuric 
acid. The 1*5 cc. of acid actually used probably did not 
contain more than 2*64 grm*. of pure acid. Hence, with 
a considerable quantity of energy still available, 28 per 
cent had already been yielded. 

Chengtu, West China, 

December a, 1917* 


THE RELATIVE STABILITY OF HALOGEN 
SUBSTITUTED ALIPHATIC ACIDS IN WATER 
SOLUTION. 

By W. A DRUSHBL and G. S. SIMPSON. 


Among the investigators who have studied the stability of 
a few of the halogen substituted acids under various 
conditions are Buchanan 1871, iv., 863), Schwab 

{Etades de Dyn . Chem., 1884, p. 20), Wislicenus (Ann., 
1882, ccxii., 239), Kastle (Am. Chem. Joum., 1892, xiv., 
586 ; 1893, xv., 471), De Barr (Am. Chem. Journ ., 1899, 
xxii.,333), Biscboff (Ber. % 1899, xxxii., 1748), Lotsen (An 
1905, cccxlii., 112), Slator (Trans. Chem. Soc ., I9°5» 
Ixxxvii., 482 ; 1909, xcv., 93), Bevan (Proc. Comb. Phil. 
Soc. t 1906, xiii., 269), Senter (Trans. Chem. Soc., i9°7» 
xci., 466; 1909, xcv., 1827 ; 1911. «ix., 1049), Euler 
(Ber., 1906, xxx ix. , 2726), Clark (Trans. Chem. Soc. % 1910, 
xcvii., 416), Madsen (Trans. Chem. Soc., I9 I 3> cui., 9^5)t 
and Johanssen (Ber., 1915, xlviii., 1262). In general, the 
method of investigation has been to determine the rate of 
replacement of the halogen atom by certain groups. Since 
hydrolysis offers a method which is easy in manipulation, 
and which is not complicated by side reactions, it has been 
used by several investigators of this problem. This re- 
action in which the halogen atom is replaced by the 
hydroxyl group has been called hydroxylation by Frankland 
(Trans. Chem. Soc., 1913, ciii., 7?3); _ . . 

The most extensive work in this field has been done by 
De Barr and by Senter. De Barr has shown that many of 
these compounds are very stable toward water at the 
ordinary temperatures. In his experiments he found that 
secondary reactions accompanied the. hydrolysis of several 
a-, and y* halogen substituted acids at 150°. Senter 
has conducted a series of important experiments in which 
he has studied the mechanism of fbe"Bydrolysis of the sua 
stituted aliphatic acids. Most of his work has been done 
on the a-brom substituted acids or their salts. He has 
shown that halogen acids act as negative catalysts. By 
means of a derived equation be has been able to determine 
the influence of this catalyst as the reaction progresses. 
The work of Johanssen is interesting because he has 
found a convenient method of making 0-lactones which are 
intermediate products in the hydroxylation of 8 -substituted 
halogen acids under certain temperature conditions. 

In this investigation we have studied the relative 
stability of several of the halogen substituted aliphatic 
acids. This paper includes only the work on halogen sub- 
stituted acetic acids. In a later paper several substituted 
acids of the propionic and butyric scries will be discussed. 
The work of De Barr has shown that it is impractical to 
hydrolyse the acids themselves, but Senter’s experiments 
have suggested the possibility of using their sodium salts. 

Preparation of Materials. 

The chloroacetic, dicbloroacetic, and trichloroacetic 
acids in stock were sufficiently pure for use in this 
nvestigation. 


The bromoacetic ester was prepared by the method of 
Zelinsky (Ber., 1887, xx., 2026). The bromoacetyl 
bromide was formed by treating glacial acetic acid with 
bromine in the presence of red phosphorus. This was 
converted to the ester by adding to chilled absolute 
alcohol. After washing, drying, and distilling the fraction 
boiling between 157 — 159° was considered sufficiently 
pure. 

The iodoacetic acid was made from chloroacetic acid by 
boiling it in alcohol with an excess of potassium iodide, 
by the method of Abderbalden and Guggenheim (Ber., 
1909, xli., 2853). 

The sodium salts of these acids were prepared by 
treating cooled alcoholic solutions of the free acids or 
their esters with the theoretical amount of strong sodium 
hydroxide solution free from carbonate. At this point in 
the process the sodium bromoacetate separated out pure 
from the alcoholic solution as described by Kastle (Am. 
Chem. Joum., 1893, xv., 471). This salt was washed 
with chilled alcohol and ether, pressed on a porous plate, 
and dried in a desiccator. In all other cases it was neces- 
sary to evaporate the alcoholic solutions to a small 
volume at room temperature until the salt began to 
separate out, and then its separation was completed by 
chilling. The salt was filtered off, washed, and dried as 
described above. This method has the disadvantage that 
varying and undetermined amounts of water of crystal- 
lisation are not completely removed. 

Procedure. 

These salts were dissolved in water forming approxi- 
mately 0*1 N solutions which were hydrolysed at 70° 
whenever convenient. In a few cases it was necessary to 
use a higher temperature due to the low velocity of the 
reaction at 70°. These values, determined experimentally 
at higher temperatures, were converted by means of tbe 
temperature coefficients to corresponding values for 70°. 
It will be shown in a later paper that in aome caaes 
secondary reactions disturb the main reaction at higher 
temperatures. In the work described in this paper, how- 
ever, this discrepancy is negligible. 

A thermostat with a bath of commercial paraffin was 
used and found satisfactory for several weeks at these high 
temperatures. The temperature of tbe bath was main- 
tained constant within o'oi° by means of a mercury-steel 
regulator which was made by C. A. Kraus, of Clark 
University. (This regulator will be described in detail 
by Dr. Kraus in the near future). This thermo-regulator 
with the usual electrical connections operated a 200-ohm 
relay on a dry battery circuit of 4*8 volts. The thermostat 
was heated by an electro-gas unit of the Hahn type which 
was controlled by the relay (Zest. Physik. Chem., 1903, 
xliv., 525). The temperature of tbe bath was maintained 
uniform throughout tbe thermostat by a screw stirring 
device. 

The hydrolytic reaction was carried out in a series of 
sealed tubes made from a very good grade of American 
glass. Into each tube properly cleaned were introduced 
15 cc. of 0*1 N solution of the salt. These tubes were 
simultaneously submerged in the bath by means of a wire 
frame about fifteen minutes before the first reading was 
taken. In this way tbe solutions reached the temperature 
of the thermostat before the initial concentration was 
determined. After allowing this reaction to continue for 
definite time intervals, the tubes were removed and placed 
in ice- water to stop the reaction. Tbe end-point of the 
reaction was determined by allowing the last tubes of the 
series to remain in tbe bath several days after tbe last 
time interval. Each reaction was carried out in duplicate. 

The general equation for the action of water on the 
sodium salts of these halogen substituted acids may be 
expressed thus 

R'CHX- R— COON a + H 2 0 - 

- R'CHOH-R-COOH + NaX. 

Previously most experimenters have followed the course 
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of the reaction by determining merely the amount of acid 
formed by titrating with standard alkali. The work of 
Johanssen (Bar., 19x5, xlviii., 1262) has shown tbst this 
method does not measure the true amooot of hydrolysis, 
and so the following procedure has been adopted : — After 
opening each tube the contents were washed into a flask, 
and titrated with o x N solution of sodium hydroxide using 
phenolphthalein as an indicator. This sodium hydroxide, 
prepared from metallic sodium, contained no carbonate. 
The free halide was then determined by titrating the 
neutral solution with 0*1 N solution of silver nitrate which 
had been made to exactly the same molar concentration 
as the alkali. A few drops of a concentrated solution of 
potassium chromate served as an indicator. This titration 
was very difficult in the presence of an iodide doe to the 
colour of silver iodide which was formed. 

The values of the velocity constants Ki of a mono- 
molecular reaction and Ka of a bimolecolar reaction were 
calculated by the usual titration formula given below. In 
all of this work the figures are based on the silver nitrate 
used for 15 cc. portions of the 0*1 N solutions of the salts. 

Ki - [logiofToo -Tol-logiofT,* -T»)]. 

~ if T,-T 0 1 

in L(T 00 -T„)(T co -To)J‘ 

The hydrolysis of sodium chloroacetate has been pre- 
viously studied by Senter (Trans. Chun. Soc. t 1907, xci., 
466) and others. The salt was hydrolysed at 90°, and the 
values for K x determined. These were converted to con- 
stants at 70° by means of the factor 3*2 which Senter had 
previously determined as the temperature coefficient for 
each to° (Proc. Cktm. Soc. t 1908, xxiv., 89). 

In Table I. are included the time intervals in minutes, 
the number of cc. of sodium hydroxide used in neutralising 
the solution, the number of cc. of silver nitrate necessary 
to precipitate the halide, and the values for Ki at 90° 
and 70°. 


Table I . — Sodium ChloroacttaU in o*x N Solution. 


l (mioa.j. 

Cc.of NaOH. 

Cc.ofAgNOs- 

io»Ki at 90*. 

io»Ki at 70°. 

0 

163 

1*65 

— 

6*6 

60 

208 

215 

68*0 

6*6 

3 *> 

3*43 

3*55 

440 

4*3 

1200 

608 

6 25 

420 

4*1 

1900 

8*40 

884 

420 

4*1 

3420 

9*85 

i °*35 

390 

3 *» 

7020 

X2'l8 

12*64 

29*0 

29 

OB 

1393 

14*25 

— 

— 


Sodium bromoacetate has been hydrolysed by K as tie 
(dm. Ckom. 7 oum., 1893, xv., 484), and by Senter (fee. 
rif.), but at different temperatures. It will be noted that 
the valoes for Ki at 70° (Table II.) are not as constant as 
those given by Senter at 52*4°. A satisfactory explanation 
of this irregularity will be given in a later paper dealing 
with certain homologues of acetic acid. 


Table II . — Sodium BromoacoUU tn o*x N Solution. 


1 (mins.). 

Cc. of NaOH. 

Cc.of AfNOt, 

to* Ki al 70*. 

O 

1 90 

1*93 

— 

60 

2*86 

2*90 


240 

410 

4*42 

90*6 

600 

6*70 

7 30 

89*8 

1320 

10*38 

10*88 

89*1 

20X0 

12*03 

12*70 

88*6 

257° 

13*20 

13*48 

880 

4020 

14*10 

14*40 

85*3 

— 

14*80 

14*85 

— 


Apparently the hydrolysis of sodium iodoacetate has not 
been studied before. It is more stable than the analogous 
bromine compound. These experiments have been re- 
peated several times, and the results of one hydrolysis are 
given io Table III. No satisfactory explanation can be 
given at this time why it should be more stable than 


bromoacetic acid which is contrary to the usual rules of 
analogous bromine and iodine co m pounds. 


Table III . — Sodium lodoaatato in 0*1 N Solution. 


t (mint.). 

Cc. of NaOH. 

Cc.ofAfNOj. 

10* Ki at 7a 9 . 

O 

0*1 

0*1 

— 

60 

0*35 

0*40 

34*1 

240 

105 

115 

291 

I44O 

4*85 

5*15 

29*0 

2460 

6*95 

7*53 

28*3 

4080 

973 

10*10 

27*6 

6960 

1245 

12*65 

27*0 

11280 

*3*95 

14*00 

22*9 

— 

14*90 

14*90 

— 


Beckurta and Otto (Bor., 1881, xiv., 576) and others io 
a qualitative study of the hydrolysis of sodium dichloro- 
acetate found glyoxalic acid, sodium chloride, and dicbloro- 
acetic acid as products. The following equation repre- 
sents this as a bimolecolar reaction 

2CHCIaC00Ni+H,0 -> 

CHOCOOH + CHCljCOOH + aNaCl. 

It would seem probable that there are two consecutive 
reactions, which may be exprseeed thus 

(а) CHCljCOONa+HiO — ^ CHOCOOH+NaCl+HCl, 

(б) CHCliCOONa + HCI CHCl,COOH + NaCl. 

As reaction ( h ) should be instantaneous, we might 
expect that the hydrolysis of this salt should give constant 
values for a first order reaction. 

Sodium dicbloroacetate is very stable toward water, so 
it was hydrolysed at 90° and too 0 (Table IV.). The tem- 
perature coefficient for each xo° was found to be 3*16 for 
a first order reaction and 3*40 for a second order reaction. 

The resulu of this hydrolysi s would tend to show that 
the reaction is apparently neither mooomolecular nor 
bimolecolar. At first it was thought that this might be 
due to the difference io the rate of substitution of the two 
chlorine atoms. Subsequent work has shown that this 
irregularity is found in the hydrolysis of salts of several 
halogen substituted acids which can oolv be mono- 
molecular reactions. This will be discussed in detail in a 
later psper. from which it will appear that the hydrolysis 
of sodium dicbloroacetate is a first order reaction. 


Table IV. — Sodium DickloroacttoU in o*x N Solution. 



Cc.of 

Cc. of 

IO*Kj 

io»K| 

io»Kf 

t (mins.). 

NaOH. 

AgNO,. 

at ocr\ 

at 70*. 

at 70*. 

0 

0*10 

0*30 

— 

— 

— 

1440 

383 

4 * *3 

9*1 

0*91 

0*026 

28 80 

6*83 

7 *i| 

86 

o*86 

0*027 

4320 

9**5 

948 

8*1 

0*81 

0*028 

7200 

13*10 

13*40 

7*8 

0*78 

0*029 

11520 

16*95 

17*23 

6*8 

0*68 

0*030 

17280 

20*55 

ao*8o 

6*3 

0*63 

0*031 

24480 

23*70 

24*10 

59 

0*59 

0037 

— 

31*03 

31*40 

“• 

— 

— 

In these 

tables 

it will t 

m noted 

that a 

difference 

exists between the 

titration 

of the 

free add and the 


halide liberated. Both Senter (Trans Ckom. Soc., 19x2, 
ci., 2535) and Johanssen (Bor., 1915, xlviii., 1262) 
have previously discussed this point. Senter believed 
that bromoacetoglycollic acid was formed as an inter- 
mediate product in the hydrolysis of sodium bromoacetate. 
This on subsequent hydrolysis produced glycollic acid. 
Although Senter has never been able to isolate his inter- 
mediate product be has prepared a similar compound, 
acetoglycollic acid, by adding sodium acetate to bis 
solution of sodium bromoacetate. 

CHjCOONa+BrCH,COONa - 

- CHjCOOCHsCOONa+NaBr. 
The formation of a lactide or lactone was first suggested 
by Holmberg (Bor., 1912, xiv , 17x3), but it was not until 


Digitized by 




I op 


Utilisation of Waste Tomato Seeds and Skins. 
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1 Hared i, 1918 


the work of Johansson (Ber., 29x5, xlviii., 226a) that the 
0-lactone was isolated daring the hydrolysis of / 5 -chloro- 
batyrie add. Since the formation of a lactide has been 
foand by Kastle (Am. Chem . Your*., 2893, xv., 431), 
Walden (Ber., 2893, xxvi., 262), and others in the 
hydrolysis of a-halogen substituted ecide under certain 
conditions it may be considered an intermediate product 
in these reactions. Apparently this is the most satis- 
factory explanation of the difference in the alkali and 
silver nitrate titrations. 

It has been shown by Loesen (Ann., 2905, cccxlii., 222) 
and others that the hydrolysis of sodium trichloroacetate 
produces chloroform and sodium bicarbonate according to 
this equation 

CCI 3 C 00 Na+H 2 0 -> CHCl 3 +NaHC 0 3 . 

It is obvious that the course of the reaction must be 
followed by estimating the amount of sodium bicarbonate 
formed during the different time intervals. No good 
method could be found for the direct estimation of the 
bicarbonate in such dilute solutions so the following 
method has been adopted : — 

The tubes containing the reaction mixture were taken 
from the thermostat, and placed in ice-water several 
minutes before opening them in order to prevent the 
decomposition of the bicarbonate into sodium carbonate 
and carbon dioxide. In this way all the pressure within 
the tubes was removed, and the mechanical loss of part 
of the solution on opening was prevented. The contents 
of the tubes were washed into a filter-flask containing 25 
cc. of 0*1 N sulphuric acid. The flask was closed and 
attached to a vacuum pump which reduced the pressure to 
2 mm. 8everal blank experiments with known con- 
centrations of sodium bicarbonate proved that all of the 
carbon dioxide was removed by this treatment. Then the 
excess of sulphuric acid was titrated with sodium 
hydroxide, using phenolpbthalein as an indicator. This 
method Ims proved fairly successful as shown by the 
results given in Table V. 

Table V . — Sodium Trichloroacetate in 0*2 N Solution. 


(mins.). 

Cc. of o x N NaHCOs formed. 

xo*Kj at 70". 

0 

O'O 

— 

220 

2*50 

99 *o 

300 

3*57 

204*0 

540 

593 

110*0 

840 

8-37 

n8*o 

2200 

973 

2 20*0 

1800 

22*33 

106*0 

2760 

22*05 

86*o 

_ 

23*28 

— 


This work shows that the sodium salts of the halogen 
substituted acetic acids have a relative stability in water 
solutions at 70° as follows '.—Trichloroacetic acid, 2*0 ; 
bromoacette acid, x*a ; iodoacetic acid, 3*6 ; chloroacetic 
acid, afl'o ; dichloroacedc acid, 220. 

This shows that chloroacetic acid is more stable than 
bromoacetic acid and iodoacetic acid, while iodoacetic 
acid is more stable than bromoacetic acid. It also shows 
that the introduction of the second halogen atom makes 
the add much more stable toward water. We might 
expect that the introduction of the third chlorine atom 
would also have this same effect, but in this case the 
hydrolysis is not a true hydroxylation. Prom Table V. it 
is evident that trichloroacetic acid is the most unstable of 
the acids discussed in this paper .— Journal 0 f the American 
Chemical Society, 2927, xxxix., No. 22. 


Physical 8oclety. — Tbs Fourth Outhrie Lecture will 
be delivered by Prof. J. C. McLennan, of the University 
of Toronto, at the Imperial College of Science, on Friday, 
March 22, 2918. 


THE UTILISATION OF WASTE TOMATO 
SEEDS AND SKINS.* 

By FRANK RABAK, Chemical Biologist. Drag plant 

and Poisonous-plant Investigation, Bureau of Plant Industry 

Introduction. 

The manufacture of tomato products in the United States 
constitutes an industry of large and growing proportions 
and importance. Tomatoes serve at the basis tor tw,o 
general classes of products, in one of which the fresh who.e 
tomatoes are used and in the other the pulp alone, as x n 
the manufacture of catsups and soups. For this latter 
class large quantities of tomatoes are required, from which 
the seeds and skins at present are discarded as useless. 

The increased interest in the production of foodstuffs 
throughout the country will doubtless result in an extension 
of all canning and packing operations, including tomato 
products. In the following pages attention is directed to 
the possible utilisation of the waste tomato material, not 
only from the standpoint of food conservation, but as a 
profitable adjunct to the tomato-canning industry. 

Commercial Products from Tomato Refuse. 

By proper treatment tomato refuse may be made to pro- 
duce two important products, namely, fixed oil and meal, 
both of which possess cousiderable value. The seeda of 
the tomato contain a fatty oil of excellent quality, and the 
seed cake is valuable as a stock food. 

Considerable work has already been done in foreign 
countries, especially in Italy, on the utilisation of tomato 
waste. Battaglia in 1901 investigated tomato-seed oil 
and reported on its properties. Later, Kochs in an in- 
vestigation of certain residues, mentioned tomato-seed 
oil and discussed its properties, stating that 27*3 per cent 
of oil having an agreeable taste and smell could be obtained 
from the seeds. 

In the manufacture of tomato products Italy perhaps 
leads all countries. The industry there has assumed such 
proportions that the problem of the proper disposal of the 
residues has become an important consideration. Percia- 
bosco and Semeraro in igie investigated tomato 
residues with a view to extracting the fatty oils, determining 
also the industrial value of the oil and the fertiliser and 
feeding values of the residues after extraction. The oil 
extracted by carbon bisulphide was found to have properties 
similar to those of the oil previously reported by Battaglia. 
The fat-free residues were found to be useful for fertilising 
purposes. 

Harcourt in 2907 called attention to the tomato 
refuse accumulating in increasing quantities at the canning 
factories in Canada. It was reported that a large portion 
of the refuse was flushed into near-by rivers, but in some 
cases it was allowed to accumulate near the factories, thus 
becoming a nuisance. Some of the refuse was spread 
over the land as a fertiliser. The manorial value was 
tested and found to compare favourably with barnyard 
manure in the three important elements, potash, phosphoric 
acid, and nitrogen. 

Accomssso in 2920 stated that in the province of 
Parma, Italy, 850,000 quintals (83,660 tons) of tomatoes 
were used annually. This auantity would yield from 22,000 
to 22,000 tons of skins and seeds, containing about 80 per 
cent moisture. After removing the greater portion of the 
moisture the residue would amount to about 3000 to 4000 
tons, of which about two-thirds are seeds. It is stated 
that these seeds when extracted by pressure yield 28 per 
cent of oil and by solvents 20 per cent, It would there- 
fore be possible to recover from 500 to 600 tons of oil from 
the waste seeds. Tomato-seed oil is ststed to have a heat 
value about equal to that of olive oil. When treated with 
driers it acquires good drying properties, and is also useful 
in soap making. The press cake is said to have excellent 
nutritive value. 


* United States Department of Agriculture, Bulletin No. 632. 
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Fachini alto recommends the extraction of oil from 
tba seeds, but instead of drying iba raaidna, as proposad 
by Accomaxxo, ha suggests a method of separating the 
saada from tba skins by agitating tba material with water 
and allowing it to settle, whereupon tba seeds fall to tba 
bottom. Tba greater part of tba water can than be re- 
moved from tba wet saada by centrifugal machines, after 
which tba seeds are dried easily and tba oil can be removed 
bv extraction or or assure. 

According to Consol Keane, Florence, Italy, tba 
otiliaation of tomato waste and the extraction of the oil 
from tba seeds was first attempted by a firm in Parma in 
1910. Tba success of the undertaking led to the establish- 
ment of two other factories tba following year. About 
5000 metric tons (1 metric ton - 2204 pounds) of wet tomato 
mate, corresponding to 1500 metric tons of dry waste, 
were worked out for tba extraction of the oil and manu- 
facture of the meal. These operations yielded 150 tons of 
oil, 800 tons of oil cake, and 500 tons of tomato skins. 

Tomato-seed oil has been utilised in the manufacture of 
soap, and the conversion of the crude oil into an edible 
oil is also receiving attention. The press cake is used in 
the manufacture of stock feed, while the skins are sug- 
gested as a fertiliser. 

The seeds are sold at Parma for 14 cents per too pounds, 
while at Naples the wet residue is sold at 4 to 8 ce«ts per 
100 pounds. This residue, which ferments readily, must 
be collected and dried daily. When dry it sells at 1.75 dole, 
to s.ao dole, per 100 pounds. 

If ore recently attention baa been called by Shriver to 
the vast quantities of tomato seeds and skins accumulating 
as waste products from the rapidly growing canned-tomato 
industry m Italy. Tbe problem of tbs proper disposition 
of this waste has been receiving attention since 1908, at 
which time a manufacturing plant was established in Milan, 
with branch-drying plants at Parma, Ceriale, Cervia, 
Piacenxa, and Pilastro. 

Tbe oil is sold in tbe crude state for 7 dole, per 100 
pounds, and tbs refined oil for 8.75 dels, per 100 pounds. 
The press cake is mixed with tbe skins and other ingre- 
dients and sold as stock feed. . , _ 

Tbe yield of oil from tbe seeds is stated by Shriver to be 
about so per cent by pressure and aa per cent by solvents. 
In 1913 from 100 to 150 metric tons of oil and 1000 metric 
tons of stock feed were manufactured in Milan from tbe 
press cake and skins. .... 

Bailey and Burnett, working with A mer ica n tomato 
seeds, extracted the oil by pressure and found that it could 
be refilled and bleached easily and was apparently a satis- 
factory food oil. 


AssumulaHom end Disfoud of Tomsto Wat*. 

Psnsntmgs of Sssds amd Skint For tbe preparation of 
tomato pulp tbe fresh tomatoes, after being carefully sorted 
to r em ov e tbe culls, are thoroughly washed by a stream 
of water under pressure, then p as sed into receptacles 
where they are cooked with steam, and afterward are 
lisnsferred to a cyclone m achi n e, which removes tbe pulp. 
Tbe seeds and skins pass out and are di sc a r ded. By tbe 
cold process tbe washed tomatoee pase directly to tbe 
cyclone machine. 

Tbe total quantity of tomato watte which accumulatee 
annually in toe United States depends not only upon tbe 
pack of any particular season but also upon tbe percentage 
of seeds contained in tbe fresh tomatoes. Tbe seed con- 
tent varies with tbe variety of tomato. Estimated from 
tbe figures given by Accomasso Italian-grown tomatoee 
contain 14*7 per cent of wet waste, of which about 80 per 
cent is water. After removing the greater portion of tbe 
water tbe waste amounts to 4*8 per cent. Of this waste, 
which probably still contains some moisture, 73 per cent 
is seeds. Tbe dry waste as it occurs in Italy is stated to 


t 66 per cent by weight of seeds. These jper 
1 are considerably higher than the results obtained 
from American-grown tomatoes. . 

Two exper im ents in different localities were made with 


American-grown tomatoes which bad been need for 
pulping purposes, to determine the percentage of seeds and 
skins. The quantity of fresh tomatoes used in tbe two 
experiments were 13x0 pounds and 5344 pounds respec- 
tively. The results were as follows Wet waste, 3*43 
and 5*44 per cent ; dry waste, 1*11 and 0*95 per cent. The 
dry waste in these experiments contained 46*3 and 42 8 
percent seeds and 537 and 57*2 per cent skins respectively. 

A cc o r d ing to Street fresh tomatoes contain 1*35 per 
cent dry waste, consisting of 49*3 per cent seeds and 50*7 
per cent skins. Using these figures as a basis for calcula- 
tion, American-grown tomatoes contain on the average 
about 1*13 per cent dry waste, of which 46*1 per cent is 
seeds and 53*9 per cent skins. Fresh tomatoes therefore 
contain the equivalent of 0*52 per cent dry seeds and 0 61 
per cent dry skins. 

In order to learn the approximate annual output of 
tomato refuse in the Uni tea States the writer personally 
visited twenty-one of the largest tomato-pulping firms. 
These manufacturing concerns operate largely in Indiana, 
Iowa, Michigan, and Ohio io the Middle West, and New 
Jersey, Pennsylvania, New York, Delaware, and Mary- 
land in the East. Detailed figures regarding the output 
of refuse were not availsble in each State. Toe extent of 
tbe industry, however, may be realised when it is learned 
that in Indiana alone 120,000 tons of tomatoes are pulped 
annually. Applying the percentages previously men- 
tioned, the amount of dry waste io this one State would 
be about 1356 tons, or 624 tons of seeds and 73a toos of 
skins. 

Not all tbe firms engaged in pulping tomatoee could be 
reached ; therefore accurate information in regard to the 
total quantity used annually could not be obtained. But 
from the figures given by the firms visited, supplemented 
by correspondence with other firms, it is estimated that 

275.000 tons are pulped annually, Adding to this the 
tonnage of culls, from which also the seeds and skins could 
be separated, a conservative estimate would be about 

300.000 tons. 

This tonnage, of course, would vary from year to year. 
However, owing to the increasing demand for tomato pro- 
ducts, tbe tonnage will tend to increase each year. 

The quantity of wet waste resulting annually would be 
about 16.000 toos, which would yield approximately 3000 
toos of dry waste. This dry waste would yield about 1500 
tons of dry seeds and 1800 tons of dry skins. 

Drying ths Wstts MnUrud mnd SsfsrnHng Iks Sssds . — 
An important problem in connection with the utilisation 
of tomato waste is the dryiog of the mass and separating 
the seeds from the skins. According to Shriver this 
problem is handled in Italy in the following manner 

“The wet seeds and skins are passed through a press 
to remove as much of the moisture as possible. They are 
then passed through a desiccator, or drier, io which the 
material is kept in constant motion by means of boci- 
sontal conveyers, finally emerging from the machine in a 
dry condition. Heat is applied to tbe drier by means of 
steam pipes or by forced air." 

It is stated that about 10 toos of residue can be dried in 
twenty-four hours. The final operation consists in passing 
the dried material through a machine supplied with a series 
of sieves and fans, which results in the complete separa- 
tion of the seeds from the skins. 

A number of types of desiccators, or driers, are manu- 
factured in the United States which would be admirably 
suited for drying the wet waste. It has been suggested 
that a sugar-beet drier would handle the material efficiently. 
No great difficulty should be experienced in constructing 
a separator consisting of sieves and fans for tbe separation 
of tbe seed s from the skins. 

Extraction of Tomslo-tssd Oil. — Two methods of extrac- 
tion are applicable for obtaining fatty oil from seeds. Tbe 
pressure method is perhsps the simplest and most expe- 
ditions, being well adapted to seeds containing a fairly 
high percentage of oil. The most careful manipulation of 
this process, however, leaves a residual portion of the oil 
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Table I. — Physical and Chemical Constants of Tomato-seed Oil from Domestic and Foreign Tomatoes 
(determined according to standard methods). 


Physical and chemical 
constants. 

Colour 

Odour 

Taste 

Specific gravity .. 
Index of refraction . 
Congealing point .. 


Acid value .. . . 

Saponification value 
Iodine value . . . . 


Domestic oil. Foreign investigators. 


Crude. 

Refined. 

Accomazzo. 

Battaglia. 

Kochs. 

and Sexneraro. 

Pale greenish yellow 

Very-pale yellow 

— 

— 

Brownish red 



Fatty, nutlike, 
slightly rancid 

Fatty, bland, nutlike 

— 

— 

Agreeable, 

tomato-like 

— 

Fatty, slightly bitter 

Fatty, bland, nutlike; 
no bitter after-taste 

— 

— 

do. 

— 

0*9216 (a) 

0*9184 (a) 

0*920 ( b ) 

0*922 (6) 

0*920 (6) 

0-9244 (b) 

1-4694 (c) 

1-4715 (e) 

— 

1*4730 

— 

— 

Turbid at o° C. ; 
yellow gelatinous 
mass at -7 0 C. 

Turbid at 2 0 C. ; solid, 
very pale yellow 
mass at - io° C. 



Thick liquid at 
-9° C. 


8*8 

2*5 

— 

26*3 

9 

1-823 

1904 

188*6 

183*6 

t 1904 

183*6 

1894 

108 

114*2 

”7 

106*9 

117*8 

87-7 


(a) At 2 4 ° C. 


(6) At 15° C. (c) At 25 0 C. 


Table II. — Physical and Chemical Properties of Insoluble , Solid , and Liquid Acids of Tomato-seed Oils. 


Physical and chemical propefties. 

Colour 

Odour 

Taste 

Specific gravity at 25° C. J. . 
Index of refraction at 25° C. 
Congealing point . . . • • 
Neutralisation value . . 
Iodine value 


Insoluble acids. 

Pale golden yellow ; partly solid 
Fatty, nutlike 
Sweetish, fatty 

O’tjlOO 

1-4655 

+21-5° C. to +20-5° C. 

180 

104*3 


Solid acids. 

Liquid adds. 

Snowy white, flaky 

Pale golden yellow. 

Fatty 

Pleasant, nutlike 

Fatty, tallow-like 

Sweetish, nutlike, becoming 
slightly bitter 

— 

0*9013 

— 

1-4654 

Melting-point, 53*5° C. 


204 

i9*'3 

— 

130 


Table III.— Physical and Chemical Properties of Tomato-seed Oil and several Important Oils of Commerce. 


Oils. 

Spccfic gravity 
at 15 ° C. 

Congealing point (* C). 

Saponification 

value. 

Iodine value. 

Index of 
refraction 
at ao°C. 

Tomato-seed 

0-9184 (a) 

Turbid at - 2 ; pale yellow 

188*6 

114*2 

1-4715(6) 

Cotton-seed, Lewkowitsch 

0*922 to 0*930 

solid mass at - to 

3 “> 4 

191 to 196*5 

100*9 *° u6'9 

1*4722 

Soy bean, Lewkowitsch . . 

0*924 to 0*927 

+ 15 to + 8 

190*6 to 192*9 

121 to 124 

— 

Sesame, Lewkowitsch 

Corn, Lewkowitsch . . 

0*9203 to 0*9260 

- 4 to - 6 

187*6 to 194*6 

103 to 1 15 

1-4728 

0*9213 

- 10 to — 20 

188 to 193*4 

1 12 to 130*8 

14768 (c) 

w 

At 24 0 C. 

(6) At 25 0 C. 

(e) At 15-5° C. 




Feeding stufl, 


Sunflower- seed (prime) 


Linseed meal (new process) 


of Tomato-seed Meal as compared with various Commercial Stock Feeds. 

Constituents (per cent). 



Moisture. 

Ash. 

Protein. 

Nitrogen-free extract. 

Fibre. 

> 

Ether extract. 

715 

4-64 

37‘o 

29*10 

22*11 

— 

7*8 

6*6 

39*8 

27*4 

10*1 

83 

IO’O 

4*2 

34*8 

21*8 

10*9 

18*3 

9*8 

107 

375 

21*7 

6*3 

i 4 *o 

10*4 

43 

16*8 

35-o 

24*0 

9-5 

10*0 

79 

31-2 

30 *0 

n*3 

9*6 

9*6 

5*6 

369 

36*3 

87 

2*9 


in the press cake. The expeller type of press is perhaps 
the best adapted for seeds having a comparatively low per- 
centage of oil. Even with this type of machine a small 
percentage of oil remains in the press cake. This, how- 
ever, is not a total loss, since the value of the cake is en- 
hanced by the presence of some fat. A distinct advantage 
of the pressure method is in the better quality of the pro- 
duct obtained. Pressed oils usually contain less im- 
purities, and consequently are more readily and effectively 
refined. 

When the maximum percentage of oil is desired from 
certain materials the volatile-solvent method of extraction 
serves best. The principal solvents which may be em- 
ployed are benzine, pretroleum ether, gasoline, and carbon 
tetrachloride. A disadvantage of this method is in tbg 


inflammability of many of the solvents, necessitating 
careful handling and operation. This trouble is largely 
overcome by the use of carbon tetrachloride, which is non- 
inflammable and possesses a higher boiling point than any 
of the other solvents, and hence is capable of effecting 
more complete recovery. Oils obtained by the solvent 
extraction method are usually less pure than expressed oils, 
containing much colouring matter and other impurities 
extracted by the particular solvent employed. No great 
difficulty is experienced, however, in refining the oils thus 
obtained. Pressed oils also require refining. 

Apparatus of the continuous-extraction type is usually 
employed. This kind of apparatus minimises the quantity 
of solvent used and prevents loss of the solvent during 
the operation. Practically all the solvent may be recovered 
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fa om the oil and raaidoa and tbos ba available lot further 
oae. A practical example of the oac of a volatile solvent 
for the extraction of 'fatty oil is the nse of benzine in the 
extraction of soy-bean oil. The disadvantages of the 
solvent method as compared with the advantages of the 
pressore method are largely offset by the lower cost of the 
apparatus, the smaller expense of operation, and the higher 
yield of oil obtainable. 

Continuous extractors and hydraulic presses are obtain- 
able from American manufacturers of chemical and phar- 
maceutical machinery. 

Either of the two methods mentioned may be used 
effectively in the extraction of oil from tomato seeds. The 
solvent extraction method was used for obtaining the 
samples in the experiments described in this bulletin. The 
apparatus employed was the continuous-extraction type, 
the solvents used being ether and carbon tetrachloride. 
The yield of oil from the ground seeds with either solvent 
was practically the same, averaging aa per cent. The 
crude oil was pale greenish yellow in colour, with a fatty, 
slightly rancid odour and fatty, slightly bitter taste. 

In refining the crude oil the objectionable odour was 
removed by passing steam through the oil until little or no 
odour was perceptible. The deodorised oil was then 
heated on a steam bath for about one boor with fuller's 
earth (kaolin), and finally filtered while hot through filter 
paper. This procedure effected decolorisatioo of the oil 
to a marked degree. The refined oil possessed a very 
pale yellowish colour with bland fatty and agreeable nut- 
like taste and smell. 

Physical and Chemical Properties of the Crude and the 
Refined Oils .— Some of the more common physical and 
chemical constants of the crude and the refined oils were 
determined, as shown in Table I. For purposes of com- 
parison the properties of some of the tomato-seed oils of 
foreign origin are also included in the table. 

From Table I. may be noted the general effect of the 
refining process upon the physical and chemical pro- 
perties of the oil. The colour, odour, and taste of the 
refined oil show much improvement over the same pro- 
perties of the crude oil. The specific gravity and index of 
refractioo show changes doe to the removal of impurities 
by the refining process. The congealing point of the 
refined oil has likewise changed. The acid value is 
materially lower than that of the crude oil, owing to the 
removal of the free fatty acids. The saponification and 
iodine values show similar differences due to the removal 
of impurities. 

Among the oils of foreign origin the properties reported 
by Battaglia correspond more nearly to those of the crude 
oil of domestic origin, while the remainder compare 
favourably in most cases with the refined domestic oil. 

Chemical Examination of the Oil .— In addition to the 
chemical constants a further examination of the refined 
oil was made to determine its approximate compo si tion. 
The determinations were made according to standard 
methods. No soluble acids were found, but 96*2 per cent 
of insoluble adds were present. These insoluble acids 
were separated into the solid and liquid acids by means of 
the lead-ether method. The mixed acids were found to 
consist of solid acids 17*54 per cent and liquid acids 75*84 
per cent. 

The physical and chemical properties of the insoluble 
acids and the solid and liquid acids were determined with 
the results shown in Table II. 

The solid acids, comprising 17*54 per cent of the oil, 
probably consist largely of palmitic and stearic acids with 
neutralisation values of 219*1 and 197*5 respectively. The 
neutralisation value 204 would indicate a mixture of these 
two acids. Although the melting-point of crude solid acids 
is considerably lower then either palmitic or stearic adds, 
which melt when pure at 62° C. and 69° C. respectively, 
it is very probable that this is due to the presence of 
impurities. 

Calculating from the neutralisation value 204, the mean 
• molecular weight of the solid adds was found to be 275. 


This indicates the presence of palmitic and stearic adds, 
since the molecular weight of these acids are 256 and 284 
respectively. 

In order to ascertain the approximate proportions of 
these two acids in the mixed solid acids a calculation was 
made according to the method suggested by Lewkowitsch 
using as a basis 275, the mean molecular weight of these 
solid acids. By this method the percentage of palmitic 
acid was found to be 67*8 and of stearic add 32*2. 

Since 17*94 per cent of the original oil consists of solid 
acids the oil therefore contains palmitic acid 11*88 per cent 
and stearic add 5*64 per cent. Because the palmitic and 
stearic acids exist in the dl as palmitin and stearin it is 
necessary to reduce the above figures to terms of these 
glycerides. The glyceride palmitin contains 95*29 per cent 
of palmitic acid, and the glyceride stearin contains 95*73 
per cent of stearic acid. By calculation, therefore, it is 
found that tomato-seed dl contains 12*47 P** cent of 
palmitin and 5*89 per cent of stearin. 

The liquid acids, constituting 75*84 per cent of the off, 
poss es s properties which indicate the presence of oleic acid 
and possibly some lindeic add. 

The spedfic gravity of the liquid acids, 0*9013 at25°C., 
would indicate a mixture of oleic and linolelc acids, since 
the specific gravity of pore oleic acid is 0*805 at 25° C. 
and lindeic acid 0*9206 at 14° C. The index of refraction 
corresponds closely with oleic acid, which possesses ao 
index of refraction of 1*4603 at 25° C. 

The neutralisation value of 192*3 is somewhat lower 
than that of pure oleic add, 198*9, and pure linolelc add, 
200*4. The iodine value, 130, possibly also indicates a 
mixture of deic and linoleic acids, with a preponderance 
of deic acid. Some commercial oleic acids nave iodine 
values as high as 100 to 110, while pore linoleic acid 
possesses an iodine value of 181*42. 

Using the method of Lewkowitsch for calculating the 
approximate proportions of oleic and linoleic acids present 
from the iodine value as a basis, it was found th at the 
liquid acids consist of 56*8 per cent of oleic add and 43*2 
per cent of linoleic add. Reducing these percentages of 
oleic and linoleic acids to terms of the origmal oil, which 
consists of 75*84 per cent of liqdd acids, it is found that 
the oil contains approximately 43*07 per cent of oleic acid 
and 32*76 per cent of lindeic acid. These adds are con- 
tained in the oil in the form of the glycerides olein and 
linolein, which contain 95*7 and 95*67 per cent respec- 
tively of oleic and linoleic acids. By calculation it is found, 
therefore, that the oil consists approximately of 45 per cent 
of olein and 34*2 per cent of linolein. 

A summary of the results of the chemical examination 
of tomato-seed oil indicates the following approximate 
composition Olein, 45 per cent ; linolein, 34*2 per cent ; 
palmitin, 12*47 P** cent ; stearin, 5*89 per cent— the re- 
maining portion consisting of free adds and unsaponifiable 
matter. 

Available Quantity of the Oil .— Estimating the annual 
output of dry tomato waste from the venous pulping plants 
in the United States at 3390 tons, there would result from 
this waste 1560 tons of dry seeds. The quantity of oil 
capable of being extracted from these seeds is readily 
ascertained. Since by extracting with volatile solvents 22 
per cent of the dl can be obtained, the total available 
quantity would be about 343 tons annually. This quantity 
would, however, increase each year with the increased out- 
put of tomato products. 

Uses and Value of the Oil .— Classifying fatty oils as 
drying, semi-drying, and non-drying, tomato-seed oil 
possibly falls into the semi-drying class, bordering, how- 
ever, very nearly 00 the non-drying does. In order that 
the nature of tomato-seed oil may be better understood a 
comparison is given in Table III. of some of the more 
important properties of a number of dls of commerce 
belonging in the same dam with tomato-seed oil. 

The similarity of tomato-seed oil to the commercial oils 
given in Table III. in dica tes the classification of this oil. 
The oils mentioned in co nn e cti o n with tomato seed oil are 
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applied commercially in a number of ways. As edible 
oils they are highly prised. On account of their drying 
properties some are employed extensively in the manufac- 
ture of paints and varnishes, while others find important 
application as soap stock. 

Tomato* seed oil, with properties similar to cotton-seed, 
soy-bean, sesame, and corn oils, should be equally useful 
and applicable to the same purposes as these oils of com- 
merce. 

Experiments conducted with tomato-seed oil by Dr. 
A. D. Holmes, of the Office of Home Economics, U.S. 
Department of Agriculture, to determine its digestibility, 
showed that the oil possesses a coefficient of digestibility 
of 97, comparing favourably with olive, almond, cotton- 
seed, peanut, cocoanut, sesame, walnut, and braxil-nut 
oils. Well-refined tomato-seed oil is therefore to be re- 
commended for culinary purposes. As a salad oil it should 
prove very satisfactory. The edible quality of the oil 
suggests a'so its possible hydrogenation and application as 
a margarine oil. 

An experiment to determine its saponifying properties 
was conducted in order to obtain information regarding its 
possible use as soap stock. By cold saponification with 
caustic soda and subsequent salting and pressing a soap 
of good texture with excellent lathering qualities was pro- 
duced. If combined with oils rich in palmitin or stearin, 
satisfactory toilet soap doubtless could be prepared. Owing 
to the present threatened shortage of oils for the manufac- 
ture of soaps and glycerine the utilisation of tomato-seed 
oil as a soap stock asserts itself. 

Experiments to determine the drying properties of the 
oil showed that sixteen days were required to form a soft, 
sticky film. Hie nature of the film as well as the time of 
drying could in all probability be improved and hastened 
by the addition of siccatives or driers to the oil. It 
appears, therefore, that the oil possesses a certain value as 
a paint or varnish oil. 

The value of the oil in commerce would necessarily 
depend upon the paiticular use to which it could be applied 
and to the demand in general for fatty oils. From the 
results of the investigation it appears that it should prove 
a valuable addition to the edible or condimental oils now 
in use. Likewise it should find an important place among 
the much-needed soap oils of commerce. 

Tomato-sad Mud. 

Utilisation for Stock Fading .— 1 The residue remaining 
after extracting the oil from the seeds constitutes the meal. 
The utilisation of this meal as stock feed is suggested. In 
order to ascertain the approximate composition of the meal 
a careful analysis was made. The results are shown in 
Table IV., together with analyses of some commercial 
stock feeds as given by Henry and Morrison. 

In moisture and ash content the tomato seed meal com- 
pares favourably with the other feed stuffs. In protein 
content it ranks with sunflower-seed cake, cotton-seed 
meal, sesame-oil cake, rape-seed cake, and linseed meal, 
being considerably higher than palm-nut cake and some- 
what lower than cotton-seed meal. Since the tomato-seed 
meal which was subjected to analysis was from ether- 
extracted seeds, the ether extract does not enter into con- 
sideration. The meal from seed expressed by hydraulic 
pressure would contain from 5 to 7 per cent ether extract, 
which represents the residual fat left in the cake. The 
crude-fibre content is relatively high as compared with the 
other feeds, being lower, however, than that of palm-nut 
cake. The content of nitrogen-free extract, consisting 
argely of carbohvdrates, is higher than in such meals as 
cotton-seed, sunflower, and sesame, and lower than in 
palm-nut, rape-seed, and linseed cake. 

From the results of the analysis and the comparison with 
standard stock feeds it would appear that tomato-seed meal 
possesses properties of considerable value for stock feeding. 
In this connection it may be stated that in Italy, where 
the utilisation of tomato residues is in practical operation, 


experiments with the meal or cake have demonstrated ita 
value as a feed for stock. Aguet has reported a factory in 
operation at San Giovanni a Teduccio, near Naples, for 
the industrial manufacture of tomato-seed cake. Feeding 
trials conducted at the Royal Higher School of Agriculture 
at Portici with milch cows showed tomato-seed cake to be 
equal in food value to linseed cake. Later, Scarpitti con- 
ducted extensive investigations with the seed cake as a 
feed for milch cows, stating that it is richer than flax-seed 
cake in protein and fat and is superior to it in its influence 
upon the weight and lacteal secretion of the cows. 

Shriver describes the manufacture of stock feed from 
the dried tomato waste after the extraction of the oil. A 
number of grades of stock feed under the name M Nutritivo” 
are manufactured by a firm at Milan, Italy, from the dried 
skins mixed with molasses and the meal from the extracted 
seeds. This feed for cattle is sold at prices ranging, 
according to quality, from x.32 dole, to 1*49 dols. per 100 
pounds. The seed cake after the oil is expressed is sold 
at 1.32 dols. per 100 pounds. 

Available Quantity of the M cal ,— After extracting the 
oil from the estimated quantity of tomato-aeeds which 
accumulate annually, there would remain as a by-product 
about 1200 tons ol the meal. In additional to this large 
quantity of meal there would also be available about 1800 
tons of tomato skins. In view of the use to which the 
dried skins are applied in Italy by incorporating them with 
the meal this would increase the total available quantity 
to about 3000 tons. 

Summary . 

Hie foregoing investigation shows that the vast quantities 
of tomato refuse accumulating each year at tomato- 
pulping factories can be reduced to two products, namely, 
fixed oil and meal, each of which may be made com- 
mercially useful. 

The oil from the seeds should find ready disposal as an 
edible oil or as a soap oil, as shown by the experiments 
made to determine its applicability to these purposes. By 
proper treatment it can be made useful as a drying oil for 
paint and varnish purposes. 

The meal has been shown by analysis and comparison 
with other meals to possess valuable qualities as stock 
feed, and the utility of the meal for this purpose should 
therefore be assured. 

The accumulation of tomato residues occurs principally 
in two sections of the United State:, namely, the North- 
Central States lying east of the Mississippi and north of 
the Ohio Rivers and the North Atlantic States. The re- 
duction of this waste material to oil and meal could be 
bandied most logically by establishing reducing plants at 
some central point in each of these sections, where the 
crude material could be collected with the least expense 
for transportation and handling. A co-operative plan of 
manufacture would perhaps be the most feasible and 
effective method for establishing the industry upon a 
practical basis. 

In view, therefore, of the threatened shortage of fatty 
oils and in the interest of food conservation, tomato 
refuse may be considered as an available source for the 
manufacture of oil and oil cake. As the demand for 
tomato products increases the quantity of this waste 
material will also increase, and it is suggested as an 
economic measure of both agricultural and industrial 
importance that the utilisation of this material be con- 
sidered. 

Trade Marka. — The Trade Marks Committee of the 
Federation of British Industries has decided to oppose 
Part 2 of the proposed new Government Bill “ To Amend 
the Trades Marks Act, 1905, N on the ground that it will 
inflict serious injury on the owners or perfectly legitimate 
Trade Marks. Part 2 deals with “ Provisions for the Pre- 
vention of Abuses of Trade Marks.” It has also been 
decided by the same Committee that the proposed 
British Empire Trade Mark should be opposed. 
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NEW LECTURESHIP IN INDUSTRIAL 
MANAGEMENT. 


capital, and scientific industrial management most try to 
compass these in whatever world we find ourselvcs—tbe 
world of Rockefeller, of Sorel, or of Mr. Webb. 


Management is one of the professions for which univer- 
sities prepare their students of applied science and tech- 
nology. The Manchester School of Technology has 
recognised that many of its undergraduates, after com- 
pleting their course of training by adding practical works 
experience to academic studies, will before long occupy 
positions as managers. However well a man may be up 
in technical knowledge, and whatever acumen for research 
be may possess, he is not necessarily qualified for a 
managerial position. Short courses of lectures on manage- 
ment, on costing, and on economics have therefore formed 
part of the university courses taken by candidates for the 
degree of B.Sc. Tech., whether in engineering, applied 
chemistry, or textile technology. Short courses of public 
lectures on various aspects of industrial management 
have also been provided in the School of Technology. 

But this is not enough. The science and practice of 
works management ought to be studied by the works 
manager of the future, not merely as a subsidiary subject, 
but as an essential element of his university training. 
Moreover, the works manager of to-day should be given 
the amplest opportunities of acquainting himself with this 
new science as it continues to develop and to be practised 
in the industries of this country. In short, the works 
manager— whether of the present or future— most be given 
every opportunity of understanding the human as wsll as 
the material element of his industry. 

With this end in view a poop of large firms engaged in 
the principal industries of the Manchester district have 
offered to the Governing Body of the School of Tech- 
nology the sum of £3000, spread over a period of five 
years, towsrds the cost of establishing a new department 
of Industrial Msnagement. The Manchester Education 
Committee to-day recommended that this gift be accepted 
and expressed their high appreciation of the donors' public 
spirit. * 

It is proposed that a lecturer shall be appointed for this 
period of five years at a salary of £600, to conduct 
research in the subject of industrial management, to 
organise a new department, to lecture to members of the 
University and to the public, and to assist industrial con- 
cerns in the solution of management problems. To make 
doubly sore that the department shall keep in close touch 
with practice a number of managers, directors, scientific 
experts, and others who have had special experience or 
are responsible for important innovations, will be invited 
to deliver public lectures, being offered substantial fees 
which will not only pay them for placing their knowledge 
at the disposal of their fellow-managers, but serve to 
encourage enterprise and experiment in matters connected 
with management. These lectures should be of assistance 
not only to future managers, but to those already in that 
position ; they will strengthen the idea that management 
is a science, and that eveiy manager is, or should be, 
something of a scientific researcher. 

No one expects by such means to find a panacea for 
labour troubles. Modern science does not believe in 
panaceas. But the suggestion marks a breach with the 
past secretive tendency of private busi nes s— concealing 
all discoveries— and adopts instead the scientist's practice 
of making known. It also recognises that the new 
science of industrial administration must be concerned 
with working out practical details as well as with framing 
a general puicy. 

If British industry is to repair the loss of war, if the 
conditions and standard of life are to improve, production 
most increase and must become more scientific, less 
wasteful than it has been. Increased production depends 
on two things— a scientific system, with attention to 
details, and its being worked in the right spirit. Greater 
interest, greater pay, mater leisure, and lower prices are 
good things for all, whatever be the ultimate destiny of 
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Papers were read as follows : — 

“Photo-electric Action of X-Rays" By Prof. O. W. 
Richardson, F.R.S. 

In this paper the excitation of electron emission by 
X-rays is discussed in relation to our knowledge of the 
photo-electric action of other types of radiation. The 
main conclusions are the following : — 

1. The ratio E V/E* of the energy E K emitted in the 
form of K secondary X-radiation to the energy Ea of the 
primary radiation (wave-length A) absorbed is fouod in 
the case of bromine to be expressed to within the degree 
of accuracy of the available observations by the formula— 


where— 


E k /B a 


A 


p-r 0 '* 


a k is the average wave-length of the K radiation and 
Ary is the wave-length of the shortest K radiation. 

a. The formula implies, or at any rate can be so inter- 
preted as to imply, the emission of one electron for every 
quantum (Av) of primary radiation absorbed. It likewise 
involves for the emission of each quantum of K radiation 
the absorption of one quantum of primary radiation when 
¥ * 00, of two quanta of primary radiation when i>«r Kyt 
the limiting (threshold) frequency for excitation, aod of 
amounts of primary energy varying between one and two 
quanta for exciting radiations of intermediate frequency. 

3. Inasmuch as the formulae have been deduced, and 
have been given a plausible explanation, on the hypothesis 
that the primary radiation is absorbed in whole quanta, it 
does not appear that the facts under consideration can be 
held to support the contrary hypothesis. 

M The Parent of Actinium" By F. Soddy, F.R.8., aod 
J. A. Cranston. 

1. In a full historical introduction the data obtained in 
1909 relative to the rays and products of oranium-X are 
discussed, in so far as they throw light on the various 
possible modes of origin of actinium. 

а. The minute growth of actinium previously pot on 
record in 19x3 as having been observed in the old 
uranium- X preparations has been confirmed by their later 
history, ana is now established beyond doubt. 

3. Uranium- X a can be separated from uranium- Xi by 
sublimation in a current of air charged with vapours of 
carbon tetrachloride at a temperature below visible 
red-heat. 

4. 470 grins, of a very pure Indian pitchblende were 
similarly treated in the expectation of removing ska- 
tantalum isotopic with oraniom-Xj, aod giving actinium 
in an «-ray change of long period. 

5. The preparations so obtslned were initially free from 
ac t i ni u m , but one of them has produced it continuously 
with the lapse of time. 

б. A direct comparison of the amount of actinium in 
this preparation after the lapse of 2*5 years with that in 
the original pitchblende showed that it was equal to that 
in about 0*25 grm. 

7. On the assumptions that ska- tantalum and actinium 
are both long-lived, that no intermediate members inter- 
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vene between them, and that the preparation contained 
the whole of the parent of actinium in the original mineral, 
the period of average life of actinium it calculated to be 
5000 years. Nothing can yet be said definitely at to the 
period of the parent. 

8. A second preparation separated from Joachimithal 
pitchblende, the treatment of which commenced in 1903, 
and ended in 1914 with the carbon tetrachloride sub- 
limation, hat given a similar growth of actinium. 

9. The work was undertaken to test and confirm the 
view that the parent of actinium occupies the eka-tantalum 
place in the Periodic Table, and gives actinium in an a ray 
change of long period, itself being formed at the product 
of uranium- Y, discovered by Antonoff, who suggested that 
it was the first member of the actinium series. But this 
mode of origin of actinium, though at present the most 
probable, is not yet conclusively established to the 
exclusion of all the other possible modes of origin, discussed 
in the historical introduction. 

“Some Problems in the Theory of Radiation By Prof. 
Arthur Schustbr, Sec.R.S. 

This paper deals with the oscillatory energy taken up by 
a simple resonator under the action of white light, aod 
the transtatory energy imparted to a molecule by radiation. 

The first problem has been treated by Planck. It is 
solved here in a very simple manner, and the method 
used, when applied to the second problem, leads to the 
important result "that a molecule at rest, within an 
enclosure of uniform temperature, will, while taking up an 
oscillatory energy, be set in motion with an acceleration 
that will increase its speed until the average energy 
reaches a definite value. If the Rayleigh -Jeans laws of 
radiation be assumed to bold, the ultimate average energy 
due to radiation alone is two-thirds of that derived from 
the kinetio theory of gases. 

u Absorption of tht Radiation emitted by a Palladium 
Anticathode in Rhodium , Palladium , and Silver.” By 
E. A. Owen. 

1. A short account is given of some preliminary experi- 
ments carried out with the rays from an ordinary X-ray 
bulb. 

а. A spectrum of the rays from a palladium anticathode 
is obtained over a limited range of wave-lengths by 
reflection in the (zzi) face of a carborundum crystal. The 
spectrum shows that the bulb emits a continuous band of 
wave-lengths upon which are superposed the characteristic 
rays of the metal of the anticathode, and under the condi- 
tions of working in this particular case the relative 
intensities of the different wave-lengths in the spectrum 
remained approximately constant. 

3. Hie “ end radiation n of the bulb was found to be 
very homogeneous. 

4. There ia a minimum of intensity in the spectrum 
corresponding to the wave-length 0*493 xzo-8 cm. On 
the assumption that the minimum is due to the selective 
absorption of this wave in the crystal, the value 0*493 x zo-8 
cm. is assigned to the 0 -line of the J-series of silicon. 
From the experimental results of Barkla and White on the 
J-series of the elements Al, C, and O, the approximate 
values deduced for the 0 -line of the J-series of oxygen 
and carbon are o*5Z9 xzo-8 cm. and 0*559 xzo-8 cm. 
respectively. 

«. Assuming Bragg's mean value of the a-line of 
palladium to be 0*586 x zo-8 cm., the following values are 
obtained for the wave-lengths of the 0- and y-fines : — 

0 -0*520 x ZO-8 cm . ; 7-0*509 x zo-8 cm. 

б. The absorption coefficients of the rays from the bulb 
have been measured in rhodium, palladium, and silver. 
The results show that the relation between wave-length 
and absorption coefficient is expressed by the relation 
r/e - K K 9 where r/e is the fluorescent coefficient and K is 
a constant for a given substance over the range of wave- 
lengths between the absorption bands of that substance. 

7. The critical wave-length necessary to excite the 
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characteristic rays of a substance lies in the neighbourhood 
of the 0-ray of that substance. The a-ray is not excited 
until the 0-ray is excited. 

8. It is pointed out that the purity of the characteristic 
lines emitted by a bulb and isolated by reflection at a 
crystal face will depend, to a great extent, upon the state 
of working of the bulb. 


RONTGEN SOCIETY. 

The important part played by radiography at the present 
time in the diagnosis and treatment of wounds inflicted in 
warfare, has led to a greatly increased interest being taken 
in the work ot the Rontgen Society of London. It is felt 
by the Council of the Society that its scope may be still 
further enlarged if additional support is forthcoming by 
the aid of an increased membership. 

The Rdntgen Society was founded in 1897, the first 
President being the late Prof. Silvanus P. Thompson, 
F.R.S. It was promoted to study X-rays and allied 
phenomena. The meetings are ordinarily held on the 
first Tuesday of each month from November to June, 
and on these occasions papers are read dealing with the 
technique of radiography, the physical aspects of the sub- 
ject, improvements in apparatus and equipment, while 
discussions are also organised on questions of general 
radiological interest. 

Other privileges and features of the Society may be 
noted. Periodical exhibitions of radiographs or apparatus 
showing features of special interest are arranged, and on 
those evenings members and their friends are cordially 
invited to send suitable exhibits. The Journal of the 
Society is published quarterly, it contains the proceedings 
of the Society, together with notes, abstracts of papers 
published at home and abroad, and other matters of 
radiological interest ; it is sent to all members. The 
“ Silvanus Thompson Memorial Lecture" is given annually 
in memory of the first President of the Society. Dis- 
tinguished workers in radiology or allied subjects from 
this country or abroad are invited by the Council to 
deliver the discourse. The Society possesses a good 
library of works dealing with radiology, which may be 
consulted by the members. Special Committees selected 
from members of the Society are arranged to encourage 
research and to advise the X-ray industry generally. A 
Committee is at present engaged on the “ Dosage " 
question, while an Advisory Committee has been appointed 
to give practical effect to the discussion on '* The Future 
of the British X-Ray Industry." The Society owns an 
extensive collection of X-ray tubes of historical interest. 
These are at present housed in the Loan Collection of the 
Victoria and Albert Museum at South Kensington. 

Candidates for membership must have &own some 
active interest in the subject of radiology. If approved 
by the Council, they are nominated for election by ballot 
at the next meeting of the Society. The Annual Sub- 
scription is One Guinea, payable in advance. A com- 
position fee of Fifteen Guineas entitles a member to life 
membership. A booklet containing fuller information 
regarding the Society, together with a list of members and 
nomination forms, may be obtained on application to the 
Honorary Secretaries— Robert Kkox, M.D., 38, Harley 
Street, London, W. z ; Sidney Russ, D.Sc., Middlesex 
Hospital, London, W. z. 


Cotton Industry in Korea.— A company has been 
formed for the purpose of erecting a mill and carrying on 
a cotton-spinning and weaving industry in Korea. The 
mill will spin fine yarns and manufacture shirtings from 
Korean upland cotton. According to the Eastern Engineer 
it is hoped that the enterprise will prove much more profit- 
able than similar undertakings in Japan because of the 
local supply of raw material and of the cheap labour 
available. 
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NOTICES OF BOOKS. 


Treatise on AppiUd Analytical Chemistry . By Prof. 

Vittorio Villavecchia. Translated by Thomas H. 

Pope, fi.Sc., A.C.O.I., F.l.C. Vol. I. London: J. 

and A Churchill. 1918. Pp. xvi+475. Priceais.net. 
The translation will be acceptable to analytical chemists 
in this country, ae, although there it no lack of authorita- 
tive text-books on technical analysis, it is useful to know 
the standard methods adopted in other countries, and the 
author’s very wide experience gives great value to the 
opinions he expresses. All the methods described are those 
which are most frequently used in practice, and have either 
been officially prescribed, or else have been frequently 
tested, being in fact in almost daily use in the laboratories 
under Prof. Villavccchia’s direction. Generally only one, 
or at the most two methods are given for each separate 
test, and tables are given showing the average re- 
sults of the analysis of commercial samples. Volume 1 . 
deals with water, the principal products of the inorganic 
and organic chemical industries, oils and fatty substances, 
metals, fuels, tar, and cements. Some slight changes have 
been made when the practice in this country differs from 
that of Italian chemists, hut otherwise the translation 
closely follows the original text. 


Reagents and Reactions. By Edgardo Tognoli, M.D. 
Translated from the Italian by C. Ainsworth Mitchell, 
B.A., F.l.C. London: J. and A. Churchill. 1918. 
p P . viii+228. Price6s.net. 

In this book well-known tests and the most important 
chemical reactions are arranged alphabetically under the 
names of their discoverers, and full instructions are given 
for carrying out the tests. They are also indexed uoder the 
names of the substances to be examined or detected, so 
that the user of the book should have no difficulty what- 
ever in finding any test he requires, even if he has no very 
xlear recollection of the name of the chemist who first 
applied it. The usual tests for the purity of reagents are 
also ioclnded and tables of specific gravity of solutions, 
Ac., and the book will be found a very useful addition 
to the library attached to an analytical laboratory. 


Le Centenaire de Charles Oerhardt. ( M The Centenary of 
Charles Gerhardt 

This supplement to the Bulletin de la Sociitf Chimique 
de France contains tbs admirable Address of the Pre- 
sident of the Society, M. Camille Poulenc, on the 
occasion of the celebration of the centenary of Charles 
Gerhardt. The President made a careful comparison of 
German arid French mentality as shown in the work 
of the chemists of the two countries in Gerhardt’s time, 
aod pointed out that the letter’s aim was always and only 
the discovery of the truth and never self-aggrandisement. 
The remarkably fruitful work done by Gerhardt during 
his short life was adequately described by M. Marc 
Tiffeneau, who gave a sound estimate of its true value. 


Methods in Metallurgical Analysis. By Charles H. 

White. London : Constable and Co., Ltd. 1917. 

Pp. ix+35 6. Price ioe. fid. net. 

The methods of metallurgical analysis which are most 
widely used in American laboratories are well described in 
this book. The author believes that it is quite possible for a 
student to begin his work in quantitative analysis by doing 
metallurgical determinations, provided that he has had a 
thorough training in qualitative analysis, and if he has the 
right kind of book to work from there is no doubt but that 
this is quite a correct view. Moreover, it is probable that 
apart from the saving of time there will be a positive 
advantage in learning the technical applications of the 
various processes while becoming familiar with the actual 
operations. This book appears very well suited for this 
special purpose ; the first experimental work is described 
in full detail, tod the various methods employed in the 


analysis of iron ores are so carefully explained that be- 
ginners should have no difficulty in getting satisfactory 
results from actual commercial products. Even the more 
difficult processes ought to be found well within the 
powers of the average student, and if be works straight 
through the book be will gradually acquire a sound know- 
ledge of methods and technique. The analysis of iron 
and steel, bullion, many common alloys, and fuels of all 
classes, and some methods for the estimation of the less 
important metals are included. 


CORRESPONDENCE. 

GRAVITATION AND MAGNETIC ATTRACTION. 

To the Editor of the Chemical News. 

Sir,— Mr. T. J. J. See, of Montgomery City, Missouri, 
has just published a theory by which be undertakes to 
disclose toe physical cause of gravitation and magnetic 
attraction. For such a result he, not unnaturally, makes 
large claims to recognition. Incidentally he takes occasion 
to attack, with much acrimony, a learned society which 
failed to seise the opportunity afforded by an early com- 
munication to insert his first paper among its proceedings, 
and 00 the subject of his grievance he is not less vocal 
than 00 the subject of his discovories. May I be allowed 
to point out, therefore, that Mr. See bimseu supplies the 
answer to bis own complaint, for his papers, now pub- 
lished, do not contain what alone would warrant any 
learned society in giving its imprimatur to the work ; that 
is to say, a proof of the hypothesis which Mr. See proposes 
for the acceptance of his readers. 

Stated shortly, Mr. See suggests that the attraction of 
magnets for one another and the phenomena of universal 
gravitation are both to be taplamed by aetberial undula- 
tions of the nature of light and radiant heat, and a theory 
is elaborated upon this basis which is said to find its un- 
mistakable and sufficient proof in certain fluctuations of 
the moon’s mean motion which have been observed in 
connection with lunar eclipses. Concerning the impor- 
tance to be attached to that proof it is sufficient here to say 
that the coincidence between calculated and observed 
fluctuations is not exact, and that while some readers will 
probably take the author’s view that they are strikingly 
dose, others will be impressed with their iocondusiveneee. 
Their value in the argument which Mr. See has started is, 
ther ef or e , not a very suitable topic for discussion in this 
letter. 

But what I ask leave to point out is that in the develop- 
ment of bis theoretical argument Mr. See is strangely aod 
even inexcusably careless. Thus he bases his entire case 
upon the well-known formula for the curve to a plane wave 
front. ( . 

y “ A sin j ^ (VI — x) + a, J 

Now this formula e x pr esses the co nn ec ti on between 
different phases of one wave front, the term «« serving 
to identify a particular wave front or, ae the case may be, 
the successive waves of an homogeneous train of waves 
originated by one rhythmically pulsating source. But Mr. 
See, for the purpose of his argument, ignores this limita- 
tion aod employs the formula to connect supposed undula- 
tions originating in independsnt sources and not charac- 
terised by a common valoe for the phase term a*. An over- 
sight such as this deprives his whole argument of force* 

Aoother point of difficulty in Mr. See's propossd ex- 
planation is that be assumes x in the above formula, as 
to magnetic and gravity wayee, to have only one 
This seems to be a very arbitrary assumption. It 
does not hold good in the typical case of light, with 
which we are most familiar, and it seems overbold to 
sse ume that it bolds in the case of magnetic waves, for 
example. The question may be put in this way. Is it 
obvious, is it even probable, that an atom of copper sets 
up magnetic un dul atio n s cf the same wave length as the 
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magnetic andolations of iron, if both the iron and the 
copper are limited each to andolations of one wave 
length ? Should we not expect to find that, as in the case 
of light, each atom has its own wave length period and 
that all the phenomena of resonance and interference 
depend upon the interplay of periodic forces which are 
conditioned hy these diversities among different atoms ? 
The explanation itself thus seems to present extraordinary 
difficulty. 

Even if these preliminary difficulties were removed there 
would remain another, not less serious, perhaps. Mr. 
See, when discussing magnetic attraction, assumes opposed 
undulations to interpenetrate one another and by acting 
simultaneously upon the same quantum of ether to reduce 
the stress in it. Now why this coincidence of opposed 
forces in place and time should reduce the local stress is 
by no means obvious. The difficulty may be illustrated 
hy a familiar example. Take the case of a heavy body 
in motion which is urged forward by its momentum — say 
for example, a billiard ball gliding over a billiard table. 
If such a ball meets another there is an exchange of 
momenta between them which is dynamically equivalent 
to interpenetration. Thus, if they meet in the same 
straight line we observe that after collision each runs back 
upon its path with the velocity of the other ball, so that 
the whole result is the same dynamically as if the balls 
had passed through one another and moved on afterward 
unaffected hy the collision. Now, there is a sense in which 
the local stress was momentarily reduced hy the collision, 
if we confine our attention to momentum and call that, 
and that only, "stress.’ 9 Per there was an instant in 
which both balls were at rest before they moved off in 
opposite directions. But it would be a very superficial 
view to describe this instantaneous disappearance of 
momentum as a reduction in stress. For the fact is that 
the stress has taken a new form and is now elastic tension 
set up in the deformed balls. They will forthwith resume 
form, and, with their forms, they will acquire fresh 
momenta. The stress, therefore, persists, although the 
momentum disappears. If it did not persist, as, for 
example, if the balls broke up under the force of impact, 
their energy would be dissipated and their momenta would 
not be interchanged. 

Now it would seem natural to suppose that, in like 
manner, if two opposed wave motions co-operating on the 
same quantum of ether were to produce redaction of mag- 
netic stress, it could only be, either by causing dissipation 
of the accumulated energy or, alternatively, the produc- 
tion of equal stress of some other type. In the one case 
the interaction would tend to destroy, not to produce, 
magnetic phenomena, and in the other case it is not at all 
apparent why the change from magnetic to, say, thermal, 
or some other form of stress, should conduce to contraction 
of the stressed medium. 

When it comes to the law of gravitation the difficulty 
of Mr. See’s hypothesis increases. Very obvious con- 
siderations would seem to be conclusive against it. For 
example, it is elementary that gravitation is strictly pro- 
portional to the mass of the gravitating body, whereas 
radiation, such as Mr. See proposes to explain it, is a 
function, not of mass only, but of surface no less than of 
mass. Take the case of an unsymmetrical mass, say of 
hemispherical form. Such a body, if it exerted its 
attraction of gravitation hy means of aetherial undula- 
tions, would radiate gravitation as the moon, for example, 
radiates light. Along one axis its energy would be pro- 
portional, say, to the light of the full moon — along an 
axis at right angles to that one it would be proportional to 
the light of the moon in her first or third quarter. Is there 
any evidence at all for any such spatial distribution of the 
force of gravitation ? 

Obvious difficulties such as this are wholly ignored in 
Mr. See’s papers. Is it not fitting, therefore, that, if 
published at all, they should be published upon his sole 
responsibility ?— I im, Ac., j. w Qordon> 

113, Brosdhurst Gardens, N.W.6, Feb, xg, xgx8. 


NOTES AND QUERIES. 

%* Onr Notes and Queries ooln non was opened for the purpose of giving 
and obtaining information likely to be of nse to onr readers generally. 
We cannot undertake to let this column be the means of transmitting 
merely private information, or such trade notices as should legitimately 
come in the advertisement columns. 

Cobal t am Steel.— Can any reader suggest a method for the analysis 
of M cobaltum ” steel ? The difficulty I find is to obtain a suitable sol- 
vent. Though some text-books give concentrated hydrochloric add 
tor "stellite** — which contains practically the same elements, only in 
different proportions — I am not able to obtain a complete solution, 
and think tungsten must be present, though none has been given in 
the maker's analysis. I shall be glad if any reader can show some 
light on this subject.— W. Auckland. 


MEETINGS FOR THE WEEK. 

Monday, «»h.— Roytl Soci.tr of Art., 4 30. (Cut* Lector.) 

" The Effect of the War on the Economic Condition 
of the United Kiogdom— the Real Cost of the War 
— and the Problem of Economic Reconstruction,” 
by Edgar Crammond. 

Tuesday, 3th.— Royal Institution, 3. 14 A National Laboratory of 

Industrial Research,*' by Sir Richard T. Glaze- 
brook. 

Royal Society of Arts, 4.30. "Portugal as a 

Colonial Power,** by George Young, M.V.O. 

Wednesday, 6th.— Royal Society of Arts, 4.30. " The Foundation of 
Industrial Peace,’’ by A. H. Paterson. 

Thursday, yth. — Royal Institution, 3. 

Friday, 8th — Royal Institution, 5.30. 

Saturday, gth.— Royal Institution, 3. " Problems in Atomic Struc- 

ture," by Sir J. J. Thomson. 


'J'O comply with Regulation 8 (6) of the Defence of the Realm 
Act, advertisements from firms whose business consists 
wholly or mainly in Engineering, Shipbuilding, or the production 
of Munitions of War, or of substances required for the production 
thereof, must include the words " No person resident more than 
ten miles away or already engaged on Government work will be 
engaged." 
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'hemists (Men or Women) wanted, with 

Univorsity Degree or its equivalent, for an Explosives Factory 

A O .L _ t a TS * - W . ■ • . 


in the South of Ehgland. 
Birchin Lane, E.C. 3. 


-Box 626, Leathwait and Simmons, 3, 


{^hemists wanted by ifnportant Company with 

^ lsrge works in the East. Assistants with sound knowledge. 
Practical and Theoretical, of Organic and Analytical Chemistry. 
Three years' engagement ; passage out and home. Single men only 
should apply, stating full particulars, age. qualifications, experience, 
Ac., to Z.O. 139, care of Deacon's, 7, Leadenball Street, E.C. 3. 


piderly Chemist, has assisted Public Analyst, 

^ desires Post with abort hours in London.— Address, F. C., 56, 
Handaworth Road, Tottenham, N. 13. 


IV/f etallurgical Chemist wanted for Brass 

1VA Foundry in Birmingham. Only a capable man should apply. 


Salary £p per week — Address, " M.C. 
Newcastle Street, Farringdon Street, 


3," Chemical News Office, 16, 
:, Londo “ 


don, E.C. 4. 


\K7anted, Chemists for Process Control 

v v large Chemical Factory engaged on War work. Good • 


in 

— r — - — «/ engaged on War work. Good salary 
and proapects of advancement to well-trained and experienced men 
who can handle a shift with tact and energy and show efficient results 
in manufacturing operations.— Address, P. C., Chemical News Office, 
x6, Newcastle Street, Farringdon Street, London, E.C. 4. 


\A/ anted, women chemists trained m ine 

* * dm of the Balance and simple Analytical operations for the 
Laboratary of Chemical Factory engaged on Aircraft Work.— Ad- 
dress, W. W., Chemical News Office, x6, Newcastle Street, Farrizm- 
don Street, London, E.C. 4. 


WOMEN ANALYTICAL CHEMISTS re- 

' _ qulryd at aaluy of £150 per tannin in Oovwmmnt Depart- 
ment in South of England. Annual and Sick Leave allowed. Other 
Women Chemists employed. Salary to be increased to £175 per 
annum at end of six months if services are found to be satisfactory. — 
Address, C. W., Chemical News Office, 16, Newcastle Street, Far- 
ringdon Street, London, E.C. 4. 


\A7anted, “ MEMORIALS OF THE GOOD- 

v * r ^ IN - . s £ NDS, " t b £ Mr * Address, W. S., Chemical 

News Office, x6, Newcastle Street, Farringdon Street, London, E.C. 4. 


Digitized by CiOOQLe 




Chemical News l 
March 8. 1918 I 


Knowledge in Power. 


109* 


THE CHEMICAL NEWS 

Vol. CXVII., No. 3041. 


KNOWLEDGE IN POWER.* 

In 1893 Sir William Crookes exhibited, at one of the 
soiries of the Royal Society, an experiment on “ The Flame 
ol Burning Nitrogen.” He showed “ that nitrogen is a 
combustible gas, and the reason why when once ignited 
the flame does not spread through the atmosphere and 
deluge the world in a sea of nitric acid is that its igniting 
point is higher than the temperature of its flame — and not. 
therefore, hot enough to set fire to the adjacent mixture. 
Bot by passing a strong electric current between terminals 
the air takes fire, and continues to boro with a powerful 
flame, producing nitrous and nitric acids.” 

In HI98 Sir William gave to the British Association the 
Presidential Address from which the foregoing is quoted, 
with the succeeding sentence, illustrating the human 
intellect at its greatest : — 

This inconsiderable experiment may not unlikely had 

to the development of a mighty industry destined to solve 

the great food problem . 

As a medical student, who bad that summer given op 
the game of games tot an advanced course in physio- 
logical chemistry, 1 read that great Address in the Scotsman 
the next morning, marvelling at the breadth of its vision, 
the length of its prevision, the area of its inchoate 
provision. 

In the year 1906 I asked Sir William to contribute to a 
scientific series a book on this theme, the fixation of 
nitrogen to feed the Western world. He sent me a copy 
of his Address, in the form of a paper-covered volume, and 
courteously pleaded “ advancing years” as preventing 
more. He was then seventy-four, and the best of the joke 
is that, twelve years later almost to a day, I have what 1 
asked lor in my hand, thanks to The New Statesman and 
Lord Rhondda. For this is a new edition, in e fleet a new 
book, on the theme of twenty years ago, and its author 
will be eighty-six in a few months. ("The Wheat Problem,” 
by Sir William Crookes, O.M., F.R.S., Third Edition; 
with a chapter on “ Future Wheat Supplies,” by Sir R. 
Henry Rew, and an Introduction by Lord Rhondda, Ac., 
3*- M). 

lo July, 1915, our position regarding food and explosives 
and tonnage was already ominous, whilst our blockade 
was clearly failing to defeat Germany, thanks to her use 
of Sir William's work and the lessons he had drawn 
from it near the end of the nineteenth century. As for 
ourselves, we bad done nothing. (The Mendelian or other 
genetic system which will explain why a people so incur- 
ably stop k I in the mass as ourselves beats the world in the 
production of men ot every kind of genius, except music 
and painting, has not yet been announced). The danger 
was extreme, sod the first thing was to draw general 
attention, in departmental and all other quarters, to the 
teaching of our illustrious chemist, and its meaning for 
our lives and our cause. 

Within three days of the publication of my article there 
reached me from the editorial office an offer addressed to 
M Lens,” to pay for the proper re-writing, by a thoroughly 
competent expert, of Sir William’s book, aod tor its re- 
publication. The letter came from Lord Rhoodda, who 
was then, unfortunately for us, merely minding his own 
bus i nes s in Cardiff, and not the nation’s in London. But 
be had time, even then, to raise a hand to feed our mouths 
and our guns. And so I had my way, and the reader who 
knows what is now being done will forgive me if 1 cannot 
refrain from patting my pseodonymoos pen in public. 

* From The New Stetuma e, Fsb. 13, tfxS. 


In the month following publication of my article, 
inventors drew the attention of the Munitions Inventions 
Department to the need for fixing nitrogen, and in October, 
with the help of Mr. Montagu, then the Minister of 
Munitions, and at a meeting which Sir William Crookes 
honoured with his presence, there was formed a “ Nitrogen 
Products Committee,” a recent report of which, entitled 
“The Nitrogen Problem,” is before me. This Committee has 
done and is doing magnificent work — without which we 
should be nowhere now ; but the time for its discussion 
will be when it issues its Final Report, at some future 
date. 

Meanwhile, leaving the explosives part of the nitrogen 
problem for future consideration by a chemist, let os con- 
sider its bearing on food, for the urgent present and the 
scarcely less urgent future. In his Introduction, Lord 
Rhondda states the essentials in their order and propor- 
tion. If we are to grow food, we should grow the best 
food— which is bread, and above all wheaten bread. The 
Corn Production Act increases the wheat area, but science 
must increase the yield per acre. Consider now the dread- 
ful, damning Yellow Book of the Board of Agriculture (Cd. 
830$). The facts have often been cited, but I quote 
them here again, as there is need, from Sir William 
(P- 45) =— 


Table XI . — Average Farm Produce of 100 Acres ot 
Culttvahd Land. 


Great BtiUin. 


15 tons corn. 

11 tons potatoes. 

4 tons meat. 
i7o tons milk. 

Negligible quantity of sugar. 


Garmaoy. 

33 tons corn. 

S$ tons potatoes. 
44 tons meat. 

29 tons milk. 

2| tons sugar. 


The British farmer feeds from 45 to 50 persons per 
100 acres, while the German farmer feeds from 70 to 
7$. [Bot the German farmer, as Lord Rhondda 
points out, has a poorer soil and climate] . 

The comparative value of the produce per acre of 
British and Belgian land, which closely resembles it 
as far as natural fertility is concerned, is said to be 
as 19 : 80. . . . The explanation of the greater 
productivity of the German farm becomes clearly 
apparent when the consumption of artificial fertilisers 
is examined. This is shown in the following table : — 

Table XII. — Average Consumption of Fertilisers 


per Acre . 

Potash Nitroeenous. 

fertiliser* (lbs.) fertilisers (lb*.). 

Germany io*68 7-21 

France 071 365 


United Kingdom . . 0 09 3*22 


It is said that Germany imports about ten times as 
much Chilian nitrate as the United Kingdom, and 
one- third of all the nitrate exported is consumed by 
Germany alone ; hence it is hardly surprising that 
the yield per acre of German farms has nearly doubled 
in thirty years. 

The British Navy stopped all that import, but Germany 
goes on, thanks to her appreciation of the genius of British 
chemists. The whole thing came out of the Royal 
Institution in Albemarle Street, with its Faraday, Crookes, 
and Rayleigh. But the best that their countrymen can do, 
so far as political wisdom is concerned, is the Corn Pro- 
duction Act, in which the first essential for corn produc- 
tion is totally ignored. 

But to return to Lord Rhondda's Introduction, which I 
largely quote here in the h.ipe that it will serve to compel 
the reader to study the whole book. Lord Rhondda 
points out that the splendid genetic work of Professor Bitten 
at Cambridge, based on Professor Bateson's Mendelian re- 
discovery and elaboration, M has resulted in the production 
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of new varieties of wheat which yield io per cent more 
gram per acre than other variety, and possess also excel- 
lent milling and baking qualities of the highest grade 
wheat from Canada and the United States.’’ Having said 
so much for “ nature,” he proceeds to “ nurture,” citing 
first the magnificent, decade-long work at Rothamsted, 
which “ has demonstrated that the prime factor in wheat 
production is a sufficient supply of nitrogenous manure. 
Yields of wheat exceeding the national average have been 
reaped from certain ot the Rothamsted plots continuously 
every year for eighty years by judicious cultivation and 
manuring, and there is at least one instance in this country 
of successful continuous wheat-growing on the farming 
scale on Rothamsted lines. Experience gained during the 
war has further shown that fine crops of cereals can be i 
grown by suitable manuring on newly broken -up grass- | 
land without the expense of growing preparatory non- 
cereal crops. Obviously, the accepted views as to rotation 
of crops stand in need of revision.” After exposing the 
imbecile superstition of British farmers, that live stock 
with its by-product farmyard manure is the backbone of 
wheat production, Lord Rhondda goes on to consider the 
production of fixed nitrogen from the air, quoting the 
recent record of Southern Norway and Germany, and the 
United States. Not, however, that the United States has 
much to boast about. Last year, according to last evening’s 
paper, they imported 1,494,000 tons of nitrate of sodium 
— say, one fourth for agriculture and the rest for explosives. 
And now, it seems, a “ Nitrate of Soda Executive ” has 
been appointed here “with a view to ensuring the pur 
chase of adequate supplies in Chili for the British, French, 
Italian, and United Staus Governments.” Meanwhile, 
Germany, which imported before the war one-third of all 
the Chilian output, gets none, and carries on thanks to 
English brains, whilst our Food Controller has to tell us 
that “at the present time there is in this country a short- 
age of artificial fertilisers, chiefly because there is a 
shortage of freight space. The nitrates are in abundance 
in Chili, but we need them here and shall increasingly 
need them.” Well may he continue : — 

The attention which can scarcely fail to be directed 
to this subject by Sir William Crookes’s treatise ought 
now to result in the action which we should have 
taken a decade ago. We lacked nothing but the 
foresight and the will ; we hart the knowledge, we 
had the power, if not in fading water then in coal. 
To-day no foresight is required to recognise the need, 
and necessity is spurring our will. If we are to feed 
ourselves, we must begin by securing a continual 
provision of the fixed nitrogen which is necessary to 
feed our best food, and which we can begin to make 
for ourselves, in any quantities, whenever we please. 

As for the book, to which his attention was first 
directed in July, 1915, 

it was a pleasure then to undertake the financial 
responsibility for the revision and republication. That 
pleasure is not lessened now when the work appears 
and finds me as Food Controller occupying a post in 
relation to the nation’s food which probably no one 
could have foreseen when the present revision was 
undertaken. I shall count myself well rewarded if 
the reissue of this book may help to increase the pro- 
duction of food within our own shores, and so render 
more secure our national existence. 

What are we coming to ? Is Knowledge in Power ? A 
statesman, in the purlieus haunted by Palmerston and 
Randolph Churchill, paying for the publication of a 
“ damned Professor ” ; and on the other side of the 
Atlantic, an ex- Professor of Political Economy alreadv 
the unchallengeable President of Democracy Militant! 
Is it possible that Ruskin’s dream may be realised, and 
that some day, after all, the world will be ruled by the 
“ wise and kind ” ? 

Lens. 


ON THE PREPARATION AND HYDROLYSIS 
OF ESTERS DERIVED FROM THE 

SUBSTITUTED ALIPHATIC ALCOHOLS.* 

By W. A. DRUSH I- L and G. R. BANCROFT. 

In 1894 de Hemptinne (1), working under the direction of 
van ’t Hoff, determined the velocity constants for the 
nydrolysis of eleven of the lower aliphatic esters. These 
included methyl, ethyl, propyl acetates, propionates, 
butyrates, also ethyl isobutyrate and ethyl valerate. This 
work of de Hemptinne showed that the unsubstituted 
alcohol radical has very little influence upon the rate of 
acid hydrolysis. Later in the same year Lowenherz (2), 
also under van ’t Hoff, determined the velocity constants 
for the acetates of glycerol and phenol. By a comparison 
of these results with those obtained by de Hemptinne for 
methyl, ethyl, and propyl acetates, it was shown that 
although the alcohol radical has little influence in deter- 
mining the rate of hydrolysis its chemical nature is of 
considerable importance. 

In 1897 and 1898 Geitel (3) studied the velocities of the 
hydrolysis of mono-, di-, and triacctates of glycerol when 
catalysed with decinormal hydrochloric acid at 25° and 
found them to be in the ratios of 1 : 2 : 3. In 1907 Julius 
Meyer (4) investigated the reaction velocity of the 
hydrolysis of ethylene glycol monoacetate and diacetate, 
working at 25*2° and catalysing the reaction with N/5oand 
N/100 hydrochloric acid. 

The reaction with the glycol diacetate was found to 
proceed in two stages, the monoacetate being formed as an 
intermediate product, and this finally decomposing forms 
ethylene glycol. The rate of hydrolysis in the first stage 
was determined to be double that of the second stage. 
E. Abel (5) and R. Kremann (6) have also studied the 
acid and alkaline hydrolysis of esters of the polybydric 
alcohols. Their results seem to agree with those ot Geitel 
in that they found the rate of hydrolysis in the esse of 
tri-, di-, and monoacetates of glycerol to be in the ratio 
of 3 : 2 : 1. 

In 1910 a study of the effect of constitution on the rate 
of ester hydrolysis was begun in Kent Chemical Labora- 
tory of Yale University. A series of articles (7) dealing 
with the hydrolysis of esters of substituted aliphatic acids 
has already appeared. In this paper, and others which may 
follow, the investigation is concerned with the study of the 
effect of substitution in the alkyl radical of an ester upon 
the rate of hydrolytic cleavage. 

Preparation of Materials. 

The a-chlor-ethyl acetate was prepared by the method 
of Simpson (8), by beating t quimolecular quantities of 
acetyl chloride and water-free acetaldehyde in a sealed 
tube at ioo°. The ester, boiling at i2o°-i24 J , was purified 
by fractionation. As a further criterion of purity it was 
analysed for halogen. Weighed portions of the ester 
were hydrolysed with sodium hydroxide on a steam-bath. 
The formation of aldehyde resin indicated the presence of 
acetaldehyde. After filtering off and carefully washing 
the resin, the filtrate was neutralised with nitric acid and 
the halogen estimated by titrating with decinormal stiver 
nitrate, using potassium chromate as an indicator. 

Chlorine found — I. 28*27 P er cent ; II. 28 62 per cent. 

Chlorine calculated— 28-94 per cent. 

The a-chlor-ethyi propionate was prepared by the 
method of Rubencamp (9). Equimolecular portions of 
water-free acetaldehyde and propionyl chloride were heated 
in a sealed tube at 120°. The ester, boiling at 134 0 - 136°, 
was purified by fractionation and its halogen content was 
shown to correspond to theory using the method outlined 
above for the « ehloi-ethy! acetate. Here, as in the pre- 
ceding case, aldehyde resin was formed in the hydrolysis. 

The «-ethoxy-ethyI acetate was obtained (10) by beating 


• From the Amencan Journal of Science, xliv., p. 371. 
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equimslecular portions of the diethyl acetal of acetalde- 
hyde and acetic anhydride in a sealed tube at 150°. The 
reaction product was washed with a solution of potassium 
carbonate, then separated and dried over freshly fused 
potassium carbonate. That portion distilling over at 125°- 
130° was collected as the pure ester. The acetal from the 
above preparation was prepared by the method of Fischct 
and Giebe (11). 

As a preliminary to the preparation of the ^-substituted 
esters the following compounds were prepared in consider- 
able quantity : ethylene dibromide, ethylene glycol di- 
acetate, and ethylene glycol. The ethylene dibromide was 
prepared by the method of Balard (12). The ethylene 
glycol diacetate was obtained by refluxing a mixture of one 
mol. of ethylene dibromide with two mols. of fused an- 
hydrous potassium acetate in the presence of a mol. of 
glacial acetic acid (13). A second method (14) was also 
used in the preparation ol the glycol diacetate. One mol. 
of ethylene dibromide and two mols. of freshly fused 
potassium acetate were refluxed in a solution of eighty- 
five per cent alcohol on a water-bath for eighteen to 
twenty hours, and filtered to remove the potassium 
bromide. The filtrate was fractionated to remove the 
alcohol and the glycol diacetate was collected at 185—187°. 

The ethylene glycol was produced by the hydrolysis of 
ethylene glycol diacetate according to the method of 
Haller (15), the process being carried out as described by 
Louis Henry (16), and the yields corresponded to those 
given by Gattermann (17). 

3 -Hydroxy-ethyl acetate was first prepared by Atkinson 

(18) by beating on a boiling water-bath for two days equi- 
molecular quantities of ethylene dibromide and potassium 
acetate in a solution of 85 per cent ethyl alcohol. De Mole 

(19) claimed a considerable yield of the monoacetin of 
ethylene glycol by heating for eighteen hours at the 
boiling temperature an equimolecular mixture of ethylene 
dibromide and freshly fused potassium acetate in an 80 
to 85 per cent solution of ethyl alcohol. Lourenvo (20) 
obtained this ester by heating equimolecular quantities o’ 
ethylene glycol and glacial acetic acid for one day in a 
sealed tubs at 200°. 

The above method of Atkinson and De Mole was em- 
ployed with the hope of obtaining the 0-hydroxy-ethyl 
acetate. 300 grms. of ethylene dibromide were treated 
with 155 grms. of water-free potassium acetate in 300 
grms. of 85 per cent ethyl alcohol. This mixture was 
digested for twenty hours in a flask fitted with a reflux 
coodenser on a boiling water-bath. The potassium 
bromide which precipitated was filtered off, and the filtrate 
fractionated to remove the alcohol. A yield of 83 grms. 
of diacetate was obtained, but no monoacetin was formed, 
as no reaction took place on treatment of a portion with 
acetyl chloride. 

On treating 30* grms. of ethylene dibromide with 310 
grms. of anhydrous potassium acetate in 300 grms. of 85 
per cent ethyl alcohol, digesting for twenty -foor boors, 
filtering, and fractionating the filtrate, a yield of 174 grms. 
of glycol di acetate was obtained. This result is in accor- 
dance with the experience of Louis Henry (21), who states 
that the diacetate is obtained by treating ethylene di- 
bromide with fused potassium acetate, as described above. 
This method was tried repeatedly, always with the same 
result, and the product was used in the preparation of 
ethylene glycol. Also on saturating a portion of the pro- 
duct with dry hydrobromic acid gas the 0-brom-ethyl 
acetate was formed. 

Finally, a direct esterification method was devised for 
the preparation of the 0-hydroxy ethyl acetate, which is 
realty a modification of that given by Louren^o (22), to 
which reference baa already been made. Equimolecular 
poc tl oo s of ethylene glycol and glacial acetic acid were 
digested over twice the theoretical quantity of anhydrous 
copper sulphate ina flask over a free flame for eight hours. 
In order to keep track of the esterification, 1 cc. of the 
reaction mature eras pipetted into a graduated flask before 
heating and the volume made up to 250 cc. Aliquot 
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portions of 50 cc. were withdrawn and titrated with 
decinormal sodium hydroxide. Other portions of the 
reaction mixture were withdrawn from time to time and 
treated as described above. At the end of eight hours the 
titration showed that the esterification was practically 
complete. The estei ified mixture was cooled and decanted, 
and the copper sulphate residue was extracted with ether. 
The mixture was then fractionally distilled, the main por- 
tion coming over at 185— 190°, and on refractionating 
boiled at 187 - 1S9 0 . This portion reacted vigorously 
with acetyl chloride, effervescing briskly with evolution 01 
hydrochloric acid gas. 

Weighed portions of this ester were placed in flasks and 
saponified with an excess of decinormal sodium bydroside, 
according to the following equation : — 

CHjOH CH a OH 

| + NaOH -> J + CH3.CO.ONs 

CHa.O.CO.CHa CH a OH 

The excess of sodium hydroxide was then titrated with 
decinormal hydrochloric acid using phenolphthalein as an 
indicator. From results obtained the ester was shown to 
he 99*38 per cent pure. 

The use of anhydrous copper sulphate as a dehydrating 
agent (23) in the esterification of certain hydroxy-acids 
has been previously described in the literature. In the 
present investigation this dehydrsting agent is used for the 
first time in the esterification of polyhydric alcohols. 

Another point worthy of mention in connection with the 
preparation of this compound is the low boiling point given 
by the various investigators. Atkinson gives 182°, De Mole 
180— 182°, and Lourenco 180°, at the boiling point of their 
respective products. Glycol diacetate boils at 186—187° 
and ethylene glycol at 197°. From the molecular constitu- 
tion of the monoacetin of ethylene glycol we would 
naturally expect its boiling point to lie between those of 
ethylene glycol and glycol diacetate. The boiling point of 
the main portion of the product obtained by direct esterifi- 
cation was distinctly higher than that given in the 
literature, and lies between that of the glycol and of the 
diacetate. 

The 0-metboxy-ethyl acetate was prepared by treating 
the 0-methoxy-ethyl alcohol with the theoretical quantity 
of acetyl chloride. The ester, boiling at 144 — 145°, was 
porified by fractional distillation. This ester has been pre- 
viously prepared (24) by treating the corresponding alcohol 
with acetic anhydride. 

The 3 methoxy-ethyl alcohol was obtained for the pre- 
paration of the 3-metboxy-ethyl acetate by preparing 
monosodium glycollate, and treating it with the theoretical 
quantity of methyl iodide under suitable conditions ac- 
cording to tbe method of Palomaa (25), A separation of 
the glycol-ether, boiling at 124— 126° , was effected by 
fractionation. 

The 0-ethoxy-ethyl acetate was prepared by treating 
0-ethoxy-etbyl alcohol with acetyl chloride. The excess of 
acetyl chloride was removed by fractional distillation, and 
tbe ester was found to boil at 157 — 158°. The alcohol 
used in this preparation was obtained by the method of 
Palomaa. The monosodium glycollate was treated 
with ethyl iodide as described in this method. 
Upon fractionation the alcohol distilled over at 134 — 135°, 
and possessed the properties given by Palmomaa (26) and 
De Mole (27). 

The 3 -ethoxy-ethvl alcohol was also obtained by a 
second method which is not recorded in tbe literature, and 
appears here for tbe first time. In attempting to prepare 
3-etboxy-ethyl acetate by refluxing equimolecular quanti- 
ties of 0-brom-ethyl acetate and sodium ethylate, it was 
found that 0- ethoxy -ethyl alcohol was obtaioed. The 
materials were refluxed in a water-free alcoholic solution 
for half an hour on a water-bath. On filtering horn sodium 
bromide and fract i o n ati n g the reaction mixture, a product 
was obtained which had all the physical characters of the 
3 - ethoxy-ethyl alcohol. It also reacted with acetyl chloride 
giving the 8-etboxy ethyl acetate. 


Digitized by t^.ooQLe 




1 12 


Nitrate Situation. 


Chemical News, 
t Marcd 8, 1918 


The 0-chlor-ethyl acetate was prepared by tieating 
ethylene chlorhydrin with acetyl chloride (28) in alight 
excess of the theoretical amount. The pure ester, boiling 
at 143 — 145°, was obtained by fractionation. The jB-ethy 
lene chlorhydrin for the preparation of this ester was 
obtained according to the method of Ladenburg (29). 
This ester was analysed for halogen as a further test ot the 
purity of the substance. 

Chlorine found — I. 28*40 per cent ; II. 28*18 per cent ; 

III. 28*34 per cent. 

Chlorine calculated— 28*94 per cent. 

The fi-brom-ethyl acetate was obtained by the method 
of Louis Henry (30), which is essentially the same as that 
described by De Mole (31), who heated his monoacetin;of 
ethylene glycol with hydrobromic acid to obtain this ester. 
Ethylene glycol diacetate was saturated with dry hydro- 
bromic acid gas, and the resulting product was fractionated. 
The boiling-point and specific gravity of the purified ester 
corresponded to the values given in the literature. The 
halogen content of the ester was also determined by 
analysis. 

Bromide found— I. 47*56 per cent ; II. 47*56 per cent ; 

III. 47*50 per cent. 

Bromine calculated — 47*86 per cent. 
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THE NITRATE SITUATION. 

By G. BASIL BARHAM, C.E. 

The discovery was made, a few weeks ago, that the supply 
of nitrates in America was dangerously Tow. The need for 
using shipping to better advantage shut off the supplies 
from Chile, and it was realised that steps must be taken 
immediately to remedy the shortage or a serious position 
would result. The engineers of one of the largest Trans- 
atlantic chemical firms were called upon, a site of 2200 
acres was obtained, and work was commenced immediately 
in connection with the erection of one of the largest 
nitrate plants yet laid down. The sise of the works may 
be realised when it is mentioned that the cost will exceed 
30 million dollars, exclusive of the cost of raising the 
huge dam necessary to provide the water-power for gene- 
rating the required electricity. The latter part of toe work 
will take up more time than the laying down of the plant, 
and so overhead mains are being erected to carry 30,000 
horse- power in electrical energy from one of the big power 
companies. A steam-power plant of 30,000 horse-power 
is also being erected. No expense is being spared as re- 
gards labour, and it is estimated that in three or four 
months* time the manufacture of nitrates will be in full 
swing. The shortage has had the important effect of 
emphasising the necessity which exists for developing on a 
large scale, not only in America, but in every other 
country, the essential means for obtaining nitric acid from 
the air through the erection of nitric acid plants for the 
fixation of atmospheric nitrogen. 

This process of producing nitrates has been in use for 
some time in Germany, and that country, although cut off 
from the Chilean fields by British sea power, has been able 
to make all the nitric acid she has required for the manu- 
facture of high explosives and for the making of fertilisers. 
Nitrate of lime and soda have been manufactured there for 
a considerable time, and whilst it is not easy to ascertain 
to what extent German chemists have developed the 
various processes they were working at the time war broke 
out, it is practically certain that considerable improvements 
have been effected on the methods then in vogue. At that 
time it was estimated that something over 1000 tons of 
nitrates could be produced annually per 2000 electrical 
horse-power available. 

British Pioneers. — The processes referred to are those 
which are connected with the obtaining of nitric acid from 
the air by means of electrical energy, and are summed up 
under the heading of methods for the fixation of atmos- 
pheric nitrogen. Most of the large works at which this work 
ts done are on the Continent, and this, in spite of the fact 
that by far the greater part of the pioneer work was carried 
out in this countrv by British engineers and chemists, such 
as Dr. Priestley, Lord Rayleigh, Sir William Crookes. At 
the time war broke out the Norwegian plants alone for the 
manufacture of calcium nitrates from the air aggregated 
some 200,000 horse power, and if estimates formed at 
that time have been justified the extensions should be such 
that they amount by this time to two ot even three times 
that capacity. These Norwegian concerns, and a large 
number of the German chemical works are using either 
the Birkeland-Eyde process itself or the modification of it, 
which was first brought into use by the German Badische 
Anilin und Sodafabrik. In addition to these there are the 
Pauling and the Schonherr processes, as well as a number of 
specialised methods of manufacturing calcium cyanamide, 
graphite, calcium catbide, &c. At the time mentioned 
this vast field was untouched in England, with the excep- 
tion of a comparatively small plant which has been laid 
down at Thornton on the mains of the Yorkshire Power 
Company, for the manufacture of calcium carbide. At 
that time, however, thanks to the studied care with which 
German chemists manipulated their output of artificial 

I nitrates, the price was low, and there seemed no likelihood 
of a shortage. In this, as in connection with so many 
other manufactures, it was felt to be cheaper and better 
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business altogether to bay from the German* or from the 
firm* in which they were interested, than to manufacture 
for ourielves, at a somewhat higher cost. 

The Electrical Method .— There are a number ot methods 
by which atmospheric nitrogen maybe obtained on a com- 
mercial scale, such as the conversion of nitrogen direct 
into nitric acid, the synthesis of ammonia and ammonium 
compounds from the air, and the conversion of atmo- 
spheric nitrogen into compounds which can be made to 
yield up their ammonia content when required. Commer- 
cially, the first is the most satisfactory method, and it is 
generally carried out by causing the nitrogen and the 
oxygen of the air to unite by means of an electric 
discharge. 

The Birkeland-Eyde process, to which attention has 
already been called, is generally considered to be the most 
economical and efficient of all those which have for their 
object the oxidation of nitrogen, and it is interesting to 
note that the process is in itself merely a successor to the 
experiments which were carried out in the eighteenth cen- 
tury by the English scientist, Cavendish. He was the 
first to produce a combination between the nitrogen and 
the oxygen of the atmosphere by forcing electrical dis- 
charges to pass through the air during the decomposition 
of a quantity of alkali, and so obtain nitric acid. In prin- 
ciple, the Birkeland-Eyde process is similar, although, of 
course, certain modifications have been made and certain 
new auxiliary methods have been introduced. 

The Manufacturing Process . — The electric furnace, which 
is the fundamental element of the whole process, is so con- 
structed that the air admitted becomes heated to a very 
high temperature. An alternating current at about 5000 
volts forms an arc between two electrodes, and this arc is 
acted upon by an electro- magnet so as to lengthen it to the 
extreme limits of tenuity. In this way greater surface is 
available, and the effect of the electrical discharge on the 
air admitted is enhanced. 

The flame actually assumes a disc form in some types of 
the apparatus, and the air is forced to sweep past this on 
either side. The nitrogen becomes oxidised at once, and 
the gas, which leaves the furnace, only requires cooling, 
cleaniog. and concentrating. 

To enable this to be carried out the gas is led to a 
series of oxidisation towers, from which it passes to the 
absorption towers, which are built partly of stone and 
partly of wood, and in which the gas is passed over lime- 
stone sprinkled with water. All that has to be done then 
is to concentrate the product, and this is carried out in 
large pans, first by the aid of steam, and later by direct 
beating with coal. The mass is steamed to a fusing point 
of 145 degrees, and is thereafter poured into tin cylinders 
where it solidifies as it cools. In this form the nitrate is 
sold to manufacturers of fertilisers, by whom it is broken 
to powder and mixed with other substances as desired. 
Hie finished product contains about 12} per cent of 
nitrogen and possesses all the fertilising properties of 
Chilean saltpetre. 

The Paoling and the Scbonheer processes are closely 
similar, and it may be mentioned that in technical furnaces 
the arc formed is frequently 21 feet in length. The gases 
leaving the furnace contain only about 2 or 2$ per cent of 
nitric oxide, so it will be seen that the concentration process 
is one of importance. But there is nothing difficult about 
the work, and the only fact that has militated against its 
employment since the war has been the expense of electrical 
energy. But in view of the present situation no question 
of expense should be allowed to stand in the way of estab- 
lishing at once plants for the manufacture of nitric acid in 
this country.— TAr Globe, February 26, 1918. 


Appointment. — Prof. Sir I. J. Thomson, O.M., 
P.R.S., has been installed as Master of Trinity College, 
ambridge, in succession to the late Dr. Butler. 


PROCEEDINGS OF SOCIETIES- 

ROYAL SOCIETY. 

Ordinary Meeting, February 14, igtg. 

Sir J. J. Thomson, O.M., President, in the Chair. 

Papers were read as follows : — 

“ The Artificial Production of Echinoderm Larger with 
two Water -Vascular Systems , and also of Larme Devoid 
of a Water -Vascular System .” By Prof. E. W. MacBridk, 
F.R.S. 

In Echinoderm lar v* the change from bilateral to radial 
symmetry is due to a series of changes which are ushered 
in by the appearance of a small bod, termed the hydro- 
ccele, on the left side of the larvc. This bod is the 
rudiment of the water -vascular system of the adult. A 
number of instances have been recorded where, in an 
isolated .specimen, a similar bud has appeared on the right 
side also, and the whole subsequent history of the larvc 
has been altered. 

The present communication describes a method for 
inducing the formation of a second hydroccele. By ex- 
posing the larvae to the action of hypertonic water at a 
certain critical period of their development, and by subse- 
quently removing them to extremely favourable sur- 
roundings, in so far as concerns both food and space, it is 
possible to secure that a certain percentage of them will 
possess two hydrocoeles. The development of the second 
hydroccele may begin earlier or later. If it begins earlier 
the organs found in the normal larvie on the right side 
(pedicellariz) will not be formed, but if it begin later one 
or more of these organs may be formed. 

If larva be starved for the first week of their existence 
and then transferred to good conditions as to food and 
space, the formation of both hydroccele and pedicel! arias 
will be inhibited, and larva perfectly bilaterally sym- 
metrical will be produced which are provided on each 
side with a group of pointed spines in place of both dyhro- 
ccete and pedicellarise. Prom this observation it seems to 
follow that the formation of pedicellarise is dependent on 
the presence of a hydroccele bud, so that this bod tends to 
induce the formation of pedicellariot on \ht opposite side 
of the larva, and to inhibit their formation on the same 
side as itself. 

The formation of a hydroccele bud on the right side 
involves profound modifications of the surrounding tissues. 
These tissues are forced to pursue a course of development 
totally foreign to anything that has been normal in the 
history of the race. In conclusion, the bearing of the facts 
adduced on the nature of the laws governing the building 
up of the bodies of embryos and larvaf is discussed. 

“ Quantitative Differences in the Water -Conductivity of 
the Wood in Trees and Shrubs . H By Prof. J. B. Farmer, 
FRS. 

The paper deals with the efficiency of the wood regarded 
from the standpoint of water-conductivity. About sixty 
species of plants, chiefly trees and shrubs, have been 
investigated. The method adopted consists in deter- 
mining the amount of water passing in fifteen minutes, 
delivered at a head of 30 cm. of mercury through each 
square cm. of wood of 15 cm. in length. 

The results show that wide differences exist between 
different species but that for a given species there is com- 
monly an ascertainable mean. Evergreens as a class ara 
characterised with wood of low conductivity with often 
small absolute fluctuation. Deciduous adult trees and 
shrubs always possess wood of relatively high conduc- 
tivity, but the sapling trees and stool shoots of coppiced 
woods exhibit low conductivity in their wood, eveo when 
that of the adult shoots is high. The results are of signi- 
ficance in throwing light on an aspect of xerophilr and of 
transpiration which has hitherto been disregarded. It is 
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also shown that the dying back of the leaders in some trees 
ash) is correlated with the character of their wood. 

The sap wood of deciduous trees commonly dlls up with 
water during the early autumn, and grounds are shown for 
observing caution in fitting conclusions reached in other 
climates to the circumstances that obtain in the British 
Isles. This matter is of some importance in its bearing 
on the conditions that affect the seasoning of timber. 

“ Efficiency of Muscular Work” By Capt. M. Green- 
wood. 

It is shown that the relation between total heat pro- 
duction, body mass, and external work can be expressed 
with sufficient accuracy for interpolation by a function of 
the first degree, the constants ol which have been deter- 
mined from the data by the method of multiple regression. 
The method is illustrated upon the data of Macdonald 
and those of Amar. When body mass is constant, the 
relation is H-aW + 6, H being total heat production, W 
the thermal equivalent of the work, a a constant, and b a 
variable parameter dependent on the speed of work per- 
formance. The parameters are calculated for the data of 
Benedict and Cathcart. It is pointed out that the relation 
necessarily involves an increase of efficiency with amount 
of work when efficiency is defined as W/H or as 
W/H(H - A), h being tbe “ basal*’ heat production, and 
that this increase may be without biological significance. 
Reasons are given for doubting whether the general rela- 
tion between heat production and muscular efficiency can 
be safely inferred from existing series of observations, and 
economy of thermogenesis is discussed. 


PHYSICAL SOCIETY. 

Annual General Meeting , February 8, 1918. 

Prof. C. Y. Boys, F.R.S., President, in tbe Chair. 

The Annual Report of the Council was taken as read. 

The Treasurer’s Report was read by Mr. W. R. 
Cooper. 

Both reports were unanimously adopted. 

Votes of thanks to the Honorary Auditors, the Officers 
and Council, and tbe Governing Body of the Imperial 
College were carried unanimously, the respective pro- 
posers and seconders being Messrs. C. C. Paterson and 
T. Smith, Mr. S. D. Chalmers and Dr. Bryan, Dr. 
H. S. Allen and Mr. F. Whipple. 

The Scrutators (Mr. f. Lister and Mr. A. W. Grace) 
announced that the Officers and Council for the ensuing 
Session as proposed on tbe balloting list had been 
unanimously elected. These are : — 

President— Prof. C. H. Lees, D.Sc., F.R.S. 
Vice-Presidents (who have filled the office of President — 
Prof. G. C. Foster,- F.R.S. ; Prof. R. B. Clifton, M.A., 
F.R S. ; Prof. A. W. Reinold, C.B., M.A., F.R.S. ; S»r 
W. de W. Abney, R.E., K.C.B., D.C.L., F.R S. ; Pnn. 
Sir Oliver J. Lodge, D.Sc., F.R.S. ; Sir R. T. Glazebrook, 

C. B., D.Sc., F.R.S. ; Prof. J. Perry, D.Sc., F.R.S. ; C. 
Chree, Sc.D., F.R.S. ; Prof. H. L. Callendar, M.A., 
F.R.S. ; Prof. A. Schuster, Ph.D., F.R.S. ; Sir J. J. 
Thomson, O.M., D.Sc., F.R.S. ; Prof. C. Vernon Boys, 
F R S. 

Vice-Presidents — Prof. J. W. Nicholson, M.A., D.Sc., 
F.R.S.; Prof. O. W. Richardson, M. A., D.Sc., F.R.S. ; 
S. W. J. Smith, M.A., D.Sc., F.R.S. ; W. E. Sumpner, 

D. Sc. 

Secretaries — W. Eccles, D.Sc., City and Guilds 
Technical College, Leonard Street, E.C. 2 ; R. S. 
Willows, M.A., D.Sc., the Sir John Cass Technical 
Institute, Jewry Street, Aldgate, E.C. 

Foreign Secretary — Sir R. T. Glazebrook, C.B., D.Sc., 

F.R.S. 

Treasurer — W. R. Cooper, M.A., B.Sc., 82, Victoria 
Street, S.W. 1. 

Librarian — S. W. J. Smith, M.A., D.Sc., F.R.S., 
Imperial College of Science and Technology. 
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Other Members of Council — H. S. Allen, M.A., D.Sc. ; 
Prof. E. H. Barton, D.Sc., F.R.S. ; C. R. Darliog, 
F.I.C. ; Prof. G. W. O. Howe, D.Sc. ; D. Owen, D.Sc. ; 
C. C. Paterson ; C. E. S. Phillips, F.R.S.B. ; S. Russ, 
M.A., D.Sc. ; T. Smith, B.A. ; F. J. W. Whipple, M.A. 

The President announced that Dr. R. S. Willowa, 
M.A., was resigning his Secretaryship, on leaving London 
for a post in tbe North. The Council had appointed Dr. 
H. Stanley Allen, M.A., in bis place. 

At the conclusion of the general business. Prof. Boys 
vacated the Chair, which was taken by bis successor. 
Prof. C. H. Lees, F.R.S. 

A paper on “ A Recording Thermometer ” was read by 
Prof. C. V. Boys. 

This instrument was designed and constructed to go into 
tbe case of a regulator clock. Tbe thermometric element 
consists of a rod of ebonite within a glass tube. The dif- 
ferential expansion is determined by a pair of levers giving 
a movement of 1 in. for io° F. The drum carries an 
ordinary barometer chart, and is driven at such a speed 
that a two-hour interval of f *n. is passed in twenty-four 
hours. The drum is driven by friction by means of a cord 
from below the driving weight of the clock by an eyfi ar- 
rangement, in virtue of which when the clockweigbt 
descends the drum turns, but when the clock is wound the 
drum remains at rest. The instrument is designed with a 
view to easy construction and accuracy. It is extremely 
rigid, and much more magnification might be used. 

An alternative design on the same lines to go into a 
recording baragrapb is also given. 

Discussion. 

Mr. C. C. Paterson said that for certain purposes a 
quick-acting sensitive recording thermometer was very 
useful. What was the time lag of this instrument in 
taking up tbe temperature of the surroundings ? 

Prof. Lees asked how the ebonite behaved as regards 
constancy. 

Prof. Boys, in reply, said that for his purpose the 
thermometer was desired to be slow and sluggish, so as 
not to take up every trifling variation of temperature due 
to people entering the room. To make it quick-acting, a 
thin strip of ebonite would have to be used, and the glass 
tube should be replaced by a stout glass rod or plate some 
distance from the ebonite. As regards constancy, he 
could only speak for the three months that the instrument 
had been in use. There had been no signs of variability in 
that time. 

A paper, entitled “ The Primary Monochromatic Aber- 
rations oj a Centred Optical System” was read by Mr. 
S. D. Chalmers, M.A. 

The paper describes approximate methods of treatment 
of the first order aberrations of a centred optical system. 
Two methods are used, one primarily suited to the case 
where the separation of the surface is small, and the other 
more suited for use where the separations vitally affect the 
design. 

The aberrational defects are expressed as lateral aber- 
rations ; i.e. t as defects measured in the focal plane of the 
system. Tbe procedure adopted is to express the aber- 
rational defect of a single surface in terms of tbe constants 
of the surface, and the perpendicular distance of tbe ray 
considered from the centre of curvature of the surface. 
The value of this perpendicular can be expressed in terms 
of the co-ordinates of the ray in any chosen medium, and 
thus the aberration due to each surface can be expressed 
in terms of tbe co-ordinates of the chosen ray, in such a 
way that the aberrations of the individual surfaces can be 
summed. 

Discussion. 

Mr. T. Smith congratulated the author on his paper, 
which he considered an interesting and valuable addition 
to tbe existing discussions on optical aberrations. He 
bad himself used a similar reference system in dealing with 
this subject, but in place of a partially geometrical discus- 
sion had preferred to use a purely analytical method. Tbe 
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geometrical treatment wat obviously advantageous in 
giving an insight into the mysteries of aberration to 
students, but it was very difficult to be certain that every 
contributory cause had been cormdercd. The results 
stated in the paper were correct, but he was not clear that 
one possible contributory cause, which happened to this 
approximation to give a aero contribution, had received 
adequate consideration. If in a system of refracting sur- 
faces at some intermediate theoretical image plane an 
aberration 3y were present, the corresponding effect in the 
final image plane should not be assumed to be mby t where 
m is the first order magnification which the image subse- 
quently undergoes. The exact co-ordinates to the second 
approximation y + Jy, and the exact magnification to the 
same order m + tm should be considered, so that the final 
co ordinates to this order are my+yim+mdy. It can be 
shown that when all the surfaces are taken into considera- 
tion the contribution of the type yim is zero. He thought 
that the paper could with advantage consider this point 
more fully. An interesting question which arose in con- 
nection with the analysis of retraction into displacements 
according to the ordinary laws of geometrical optics with 
aberrations superposed, related to the limits within which 
such a procedure was justifiable. The ordinary laws could 
only be taken as a possible first approximation for all 
rays for retractive indices exceeding 3. Instead of an 
incident angle in air of a right angle, the first approxi- 
mation may only be used up to an incident angle of 

cos-i . As the index falls in value the raoge over 

3 Va 

which the approximation holds becomes less, and in the 
limiting case when /u= 1, the range is from o'* to 45' 
compared with the range o° to 90° over which refraction 
takes place. 

Prof. Lees said that these methods appeared to start 
off from the approximate assumption that the image of a 
plane was a plane. Did not this lead to errors compar- 
able with those which were being dealt with ? 

Mr. Chalmers replied as follows : — The criticisms made 
by Mr. Smith are not, 1 think, justified, because the terms 
to which he refers do not arise in the method of treatment 
adopted. In transferring the aber ration to the last medium 
it is permissible to multiply by the paraxial magnification 
since the actual point of crossing the object plane is trans 
icrred to the image plane by multiplying its co-ordinates 
by the paraxial magnification, and ad J; ng aberrational 
defects lor this surface for the actual tay. This aber- 
rational defect is expressed in terms of the modified values 
of the co-ordinates, but as the modifying terms are multi- 
plied by the small aberrational terms this introduces terms 
of higher order only. If it be necessary to consider terms 
of higher order, it would be necessary to take them into 
account in expressing values of the s in terms of the co- 
ordinates in the initial medium. 

Mr. Smith's remarks on limits to which approximation 
could be applied arc very interesting ; they show ihsi 
approximations are justified in practically all cases which 
arise, except for a few cases of reflection st plane suifaces, 
and in this case the term be quotes it multiplied by a sero 
curvature. 


INSTITUTE OF CHEMISTRY. 

Annual General Muling, March 1, 1918. 

Six Jambs Dobbie, tbe retiring President, said that the 
past three years had afforded unusual opportunities for 
demonstrating the utility of the Institute, and the special 
seiVices which it bad rendered in connection with the war 
had been widely acknowledged. 1 1 had done very valuable 
work in introducing suitable candidates for commissions 
in His Majesty's Forces where technical knowledge and 
experience sears required, and in providing chemists for 
Government factories, controlled establishments, and 
laboratories engaged in war work. Every public depat t- 
ment and every branch of the fighting services that 


requited the aid of the chemiM had made use of its services, 
and in this connection the names of thousands of chemists 
of various grades had passed through its registers. Tbe 
Institute might fairly claim to have been the chief agent 
in mobilising the chemists of tbe country for war purposes. 

Further, since the beginning of the war tbe Institute 
had been unremitting in its efforts to ensure to chemists a 
supply of pure reagents, glass, and porcelain. Ibe value 
of the glass research work carried out under its auspices 
bad been recognised on all hands, and with tbe aid of the 
Department of Scientific and Industrial Research the in- 
vestigations originally undertaken for purely chemical 
purposes had been extended for the benefit of nearly every 
branch of the glass industry. 

The attention of the Council, however, had been very 
largely devoted to the revision of the regulations for 
admission to the membership of the Institute, with a view 
to promoting the mors complete organisation of British 
professional chemists. He hoped that means would be 
found of constituting tbe Institute the representative body 
of all properly qualified professional chemists, and that it 
should also undertake to maintain a register for others who 
were engaged in chemistry, but were not necessarily quali- 
fied for admission to the Institute as members. Such an 
organisation as they had in view would make it possible, 
when occasion demanded, for the chemists of tbe country 
to bring their whole weight and influence to bear on 
questions of national interest. 

A number of motions referring to the Regulations for 
the admission of members of the Institute were 00 the 
Agenda in the names of Messrs. J. H. Loeter and W. 
Marshall (Manchester), and Mr. W. Gatborne Young 
(Doncaster), but were withdrawn on the understanding 
that an opportunity would be given for a full discussion at 
an Extraordinary General Meeting of the Institute to be 
held in tbe near future. 

The Officers and Members of Council for tbe ensuing 
year were elected as follows : — 

President — Sir Herbert Jackson, K B.E., F.R.S. 

Vice- Presidents — Horatio Ballantyne ; Oscar Lisle 
Brady, D Sc. ; William Thomas Burgess ; Charles 
Frederick Cross, B.Sc., F R.S. , Sir James J. Dobbie, 
LL.D., D.Sc., F.R.S. ; Arthur Harden, DSc., F.R.S. ; 
Sir Robert Robertson, K.B E., D.Sc., F.R.S. 

Hon. Treasurer - Alfred Gordon Salamon, A.R.S.M. 

Members of Council — Edward Charles Cyril Baly, 
F.R.S.; Charles Olden Bannister, A.R.S.M. ; Hugh 
Charles Herbert Candy, B.A., B.Sc.; Alfred Cheat on 
Chapman ; Cecil Howard Cribb, B Sc. ; John Thomas 
Dunn, D.Sc.; Ernest Mostyn Hawkins; George Gerald 
Henderson, M.A., D.Sc., LL.D., F.R.S ; Patrick Henry 
Kirksldy; Harold George Lacell, A.R.C.S. ; Alexander 
Lauder, D.Sc ; Joseph Henry Lester, M.Sc. ; Frederick 
James Lloyd ; William Macnab ; Gilbert Thomas Morgan, 
D.Sc., F.R.S.; Dudley Northall • Laurie ; George Henry 
Perry, M.B.E., B.Sc., A.R.C.S.; Francis Martin Potter, 
M.B.E., B Sc., A.R.C.S. ; William Rintool ; Harry 
Silvester, B.Sc. ; George Stubbs, O.B.E. ; Jocelyn Field 
Thorpe, C.B.E., D.Sc., F.R.S. ; Thomas Tickle, B.Sc. ; 
Leonard Ellerton Vlies ; Edmund White, B.Sc. ; William 
Maurice Gatborne Young. 


SOCIETY OF GLASS TECHNOLOGY. 
Ordinary Meeting , February ao, 1918. 

Frank Wood, B.Sc., F.I.C., President, in tbe Chair. 

Tbs following paper was read 
u Some Holes on American Practice in the Glass In- 
dustry . w By H. H. Pitt. 

The author has considerable knowledge of the working 
of English, Continental, and American glass houses, aod 
tbe subject matter of his paper dealt largely with informa- 
tion accumulated during a recent visit to the United 
States. 
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1 16 The late Thomas Tyrer. 

The Americen method of producing cot-glass ware in 1 from that date onwards op to a few hours before his death 
moulds was described first of all, and several articles were I he took the very deepest personal interest in the affairs of 


exhibited. The interior of each article is fine polished by 
jets of flame under pressure, the outside being kepi cool 
either by leaving in the mould or by removing and sub- 
jecting to an air blast. In all works in the States great 
care is exercissd in keeping presses and moulds in first- 
class condition, and much of the success achieved must be 
attributed to this. Neglect of presses and moulds in many 
English factories leads to dire results. In American glass 
works the men worked under ideal cooling conditions, and 
the comfort of the worker before the furnace was .ensured 
by very large air cooling dences. Lantern slides depicting 
the interior of several American glass houses were most 
instructive. In some factories systems of intermittent 
working are in vogue, the men having rest periods between 
spells of work. This is said to increase output and at 
the same time render the work less irksome. 

Detailed descriptions were given of vsrious types of 
pressing and blowing machines, and good lantern-slides 
were also shown. The Owens bottle making machine 
received very full treatment, and the whole of the works 
practice, from the mixing of the batch to the packing of 
the finished bottle, was described in detail. The arrange- 
ment of a factory using the Westlake bulb-blowing 
machine was also fully described, and the fact was pointed 
out that this machine worked from a special pot into 
which metal was laded from actual melting pots. 

Not the least interesting portion of the lecture was a 
description, illustrated by slides, of the various methods 
of making sheet-glass by machinery. 

The next meeting of the Society will be held on March 20 
at Newcastle. 


OBITUARY. 


THOMAS TYRER. F.I.C. 

At Golder's Green, on February 25, another of the great 
men who have helped to raise industrial chemistry in this 
country to its present standard was cremated with the 
most impressive simplicity in the presence of many 
friends in the scientific and industrial world. 

Thomas Tyrer, who passed away suddenly on February 
21 at his residence, 14, Sandwell Mansions, Hampstead, 
was a cosmopolitan personality in the chemical world, 
and was closely identified with the commercial and in- 
dustrial side of chemistry for the last fifty-five years. 

Born in the hardware town of Wolverhampton in 1844 
he was educated at his father's school. At the age of 
fifteen he was apprenticed to a chemical manufacturer in 
Wolverhampton. In 1861 be entered the Royal College 
of Chemistry in Oxford Street (incorporated with the 
Royal School of Mines), where be studied under the late 
Prof. Hofmann, and among his fellow students were a 
greet number of famous chemists. He studied biology 
under Huxley and physics under Tyndall. 

It became necessary for young Tyrer to earn hit own 
living, and therefore his studies were interrupted, and in 
1862, after passing a rigorous practical test of his abilities 
as a works chemist, he was engaged by the firm of May 
and Baker, manufacturing chemists in Battersea, of which 
he subsequently became a partner, where, in spite of his 
arduous duties, he found time to lecture on chemistry to 
a working men's institute. After that his life was devoted 
to the production of pharmaceutical and technical chemi- 
cals. As Managing Director of Messrs. Thomas Tyrer 
and Co., Ltd., Stirling Chemical Works, Stratford, he 
was a most liberal and just employer, rewarding men for 
new ideas and improvements, however trivial, thus en- 
couraging his workers. 

In 1881 he, together with a number of other distinguished 
chemists, founded the Society of Chemical Industry, and 


this great Society, numbering about 5000 British and 
American members. For the first ten years he acted as 
Hon. Metropolitan Secretary, and later as Chairman of 
the London Section, then as President and up to his 
death as Hon. Treasurer, and he was always one of the 
most active members of the publication committee. 

Thomas Tyrer was identified since its inception with the 
Institute of Chemistry. As Chairman of the Chemical 
Section of the London Chamber of Commerce he directed 
the movement, begun in 1866, so beneficial to the export 
drug trade of this country and her Colonies. He devoted 
manv years of his life in agitating for free use of untaxed 
alcohol for industrial purposes, and as a member of the 
Departmental Committee on Industrial Alcohol was in- 
strumental in furthering the desired object. In 1904 
together with his son, C. T. Tyrer, he rendered valuable 
service in the arrangement of the Chemical Section of the 
St. Louis Exhibition. 

Needless to say Mr. Thomas Tyrer was a member of 
many learned and scientific societies, and had occupied 
many important positions in the scientific and commercial 
world. Thus, he was Past- President of the Society of 
Chemical Industry and of the British Pharmaceutical 
Conference, Chairman of the Chemical Section of the 
London Chamber of Commerce, Hon. Treasurer of the 
Society of Chemical Industry and of the International 
Congress of Applied Chemistry. He was on the Board and 
Executive of the National Physical Laboratory ; he had a 
seat on the Council of the Association of British Chemical 
Manufacturers, &c. 

The late Thomas Tyrer was an enthusiastic and arduous 
war woiker. In 1913 he had already started on a large 
scale the manufacture of Cellon aeroplane dope, and later 
he erected a model and ooe of the best equipped factories 
in this country for this purpose, thus rendering consider- 
able help to supply this important war material. At the 
beginning of the war he was elected a member of the 
Committee appointed by the Board of Trade, the Society 
of Chemical Industry, and the London Chamber of Com- 
merce to consider and advise as to the best means for 
obtaining supplies of 'chemical products and colours, &c. 

In recognition of bis many services to British chemical 
industry Mr. Thomas Tyrer received many honours. 

In 1891 members of the Chemical Society, Pharma- 
ceutical Society, Society of Chemical Industry, and London 
Chamber of Commerce, under tbe Presidency of the late 
Sir Frederick Abel, presented him with a silver salver and 
a purse of gold. 

In 1905 a similar honour was again conferred upon 
him. An Address and silver tray and tea and coffee 
service was presented to him in recognition of “ esteem 
and gratitude for the arduous, unselfish, and disinterested 
manner in which be has worked for many years to the benefit 
of the chemical industry in the United Kingdom, with 
which his name is so prominently associated, and especially 
for tbe efforts to obtain untaxed alcohol for industrial 
purposes.” 

In 19x0 the medal of the Society of Chemical Industry 
was awarded to him for bis distinguished services to 
chemical industry. 

Mr. Thomas Tyrer took the greatest interest in the 
subject of national education and all that promoted the 
moral and material advancement of tbe community, and 
was devoted to literature and music. 

In private life the late Thomas Tyrer was one of the 
most liberal, unselfish, amiable, and kindest of men, 
whose only ambition in life was to do good to others. 
His name will remain deeply engraved in many a 
chemist's heart who derived help and support from him. 
He was a most devoted husband ; Mrs. Tyrer, who died 
a few years ago after almost fifty years of married life, 
having aided him nobly through his career. * 

He leaves one son, Lieut. C. T. Tyrer, R.N.V.R., and 
a daughter, Mrs. Thomas. 
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NOTICES OF BOOKS. 


A Text- book of Inorganic C hems try. Edited by J. 

Newton Friend, D. Sc., Po.D., P.I.C. Vol. IV. 
Aluminium and its Congeners, including the Rare Earth 
Metals- By H. F. V. Little, B.Sc. (Lond.), A.R.C.S., 
D.I.C. London : Charles Griffin and Co. ( Ltd. 1917. 
Pp. a +485. Price 15s. net. 

The inorganic chemistry of the elements of the third group 
of the Periodic Table is folly treated in this volume, 
together with that of cerium and the rare earth metals. A 
long chapter is given to clays and ceramics, the prepara- 
tion of ceramic bodies being described in considerable 
detail. More than half the volume is devoted to the rare 
earths, the treatment of which the author claims to be 
the moat comprehensive in the English language. He has 
collected his material from the standard works on the sub- 
ject in other languages, and also from original memoirs, 
and very copious references are given to the abundant 
literature of the rare earths. The nature of the cathodic 
phosphorescence spectra is discussed verv fully, and many 
excellent diagrams of spectra are included, and tables of 
the chief arc and spark spectra of the rare earth elements. 
For workers in this region the book will be found an 
exceedingly useful compendium, and the standard of 
excellence of the other volumes of the treatise is folly 
maintained. The material is systematically and con- 
veniently arranged, and the treatise is a valuable addition 
to English scientific literature. 


Modem Coking Practice. By J. E. Christopher. In- 
cluding the Analysis of Materials and Products. By 
T. H. Byrom. Vol. 1 . Raw Material and Coke. 
Vol. 11 . By-Products. Second Edition. London : 
Crosby Lockwood and Son. 1917. Pp. xii + tio; 
124. Pr1ce7s.6d.net. 

Afl there have been many developments in coking practice 
since the issue of the first edition of this work the authors 
thought it advisable to revise it and bring it up to date, 
and are issuing the second edition in two volumes in order 
to expedite publication. In the first volume the processes 
and plant used in coke manufacture are described in full 
detail, great attention being paid to recent developments 
in coke-oven design and to the description of reefint types 
of coke-ovens. All the statistical Information has been as 
far as possible brought op to date, and new methods of 
analysis have been added. The authors' wide experience in 
the manufacture of ooke and the analysis and sampling and 
valuation of fuels gives a special value to this work which 
provides a very satisfactory summary of the subject. The 
secood volume deals with the by-products of the coke in- 
dustry, and discusses the composition, analysis, and 
working op of ammoniacal liquor, the distillation of tar, 
benxol, and its constituents, and the general scientific 
control of a coke plant. 


Chemistry for Beginners and Schoolboys. By C. T. 

Kinoxbtt, F.I C., F.C.S. Secood Edition. London : 

Bailliere, Tindall, and Cox. 1918. Pp. viii+150. 

Price as. 6d. net. 

The aim of this little book is admirable, and it is satis- 
factory to find that it has met with such success that the 
first edition has very quickly been exhausted. The author 
has written especially for those school children and others 
who cannot have the advantage of working in a labora- 
tory and .thus acquiring some first-hand acquaintance with 
elementary scientific principles and facts. He believes 
that It is unite possible for a skilful teacher to give them 
a useful knowledge of chemistry and physics without 
either letting them do experiments or doing them before 
them, and it is certainly true that any alternative is pre- 


ferable to allowing them to remain in entire ignorance of 
the laws of the physical universe, which is only too often 
the course adopted. The book contains a large amount of 
information in a comparatively small compass, including 
short outlines of Ught, heat, electricity, and magnetism, 
as well as the elements of chemistry, sod a good deal of 
new matter has been added to the second edition. The 
glossary will be a great help to teachers and stodents, and 
it is much to be hoped that the use of this book will lead 
to the desire for wider knowledge of science in all classes 
of both boys and girls. 


Organising and Conducting Safety Work in Misses. By 

Herbert M. Wileon and James R. Fleming. 

Washington : Government Printing Office. 1917. 
Much attention haa lately been directed to safety 
measures in coal and other mines, and everywhere 
endeavours are being made to improve leers and regula- 
tions and to enforce them more stringently. It is folly 
recognised that the personal element, the senses of duty, 
responsibility, and caution are the most important factors 
to be considered in organising safety work, and the chief 
need is for the education and training of the miners them- 
selves and the inspectors and bosses. This bulletin will 
be a great help to mining engineers in carrying out such 
work. It describes the measures that have been found 
efficacious in American mines in lowering the accident 
rate and generally promoting the interests of the men, 
laying special stress upon the need for encouraging the 
enthusiasm of the men for safety work, and for the moat 
careful education and explicit instruction by means of 
notices, diagrams, and handbooks. It is pointed out that 
much good may be done by encouraging “safety sug- 
gestions'* from the men and by giving lectures and 
holding meetings to discuss schemes and regulations. 


Carbon Monoxtde Poisoning in the Steel Industry • By 
J. A. Watkins. Washington : Government Printing 
Office. 1917. 

This bulletin aims at giving a brief account of industrial 
poisoning by carboo monoxide, for the use of those who 
do not wish or have not time to study the copious and 
detailed literature of the subject. The liability of workers 
in steel-works to such poisoning is shortly discussed, and 
the effects of the gas are described, especially the results 
of the inhalation of small quantities which are not suffi- 
cient to cause acute symptoms and may yet lead to total 
or partial incapacitation. Recommendations are made for 
preventing the pollution of the atmosphere and for re- 
ducing the liability of poisoning, and snort accounts are 
given of the best methods of taking and analysing air 
samples. For full details of the most satisfactory methods 
of analysis reference is made to Bulletin No. 4a of the 
Bureau of Mines. 


Notions P on deemen tales de Chimie Orgauigue .] (Funda- 
mental Theories of Organic Chemistry **). By Charles 
Moureu. Fifth Edition. Paris: Gauthier- Villars at 
Cie. 1917. Pp. viii + 548. Price 20 francs (4- 10 
per cent). 

It is possible that no other book in any language surpasses 
“ Moureu ” for its admirable summaries of the generalities 
of organic chemistry, which are stated with the lucidity and 
succinctness which are characteristic of French scientific 
literature. The fifth edition has been greatly enlarged 
with thorough revision of all parts of the text. The 
chapter on the atomic theory has been added to and the 
article on stereochemistry amplified. Special attention has 
beeo paid to the discussion of the relations b et we en 
chemical composition and physical properties, and a good 
deal of space i# devoted to the elementary study of the 
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mechanism of reactions. A chapter on dyes has been 
added to the fifth edition. 


The International Movement of Fertilisers and Chemical 
Products Useful to Agriculture, Rome : Printing 
Office of the International Institute of Agriculture. 
September, 1917. 

There has naturally been a considerable amount of diffi- 
culty in getting reliable statistics for inclusion in this 
bulletin, and, in fact, some information which has been 
given in previous years is now quite unobtainable. How- 
ever, as far as possible the usual plans have been followed, 
though the data relating to recent periods have been 
collected almost entirely from private sources. The pro- 
duction and consumption of all the most important classes 
of fertilisers are tabulated, sulphur and copper sulphate 
being included as being of great importance in agriculture. 
The review is reprinted from the Monthly Bulletin of 
Agricultural and Commercial Statistics for September, 
1917. 


CORRESPONDENCE. 


THE ENERGY THEORY OF MATTER. 


To the Editor of the Chemical News . 

Sir, — In connection with the article by Mr. H. Stanley 
Redgrove that appeared in Chemical News (vol. cvi., p. 
37) entitled 14 A Contribution to the Energy Theory of 
Matter,” it might be interesting to call attention to some 
work done by Dr. W. M. Thornton (Phil. Mag., June, 
1917, xxxiii., 196) which seems to have a hearing on Mr. 
Redgrave’s work. Here Dr. Thornton has shown that the 
quotient obtained by dividing the M.H.C. (molecular heat 
of combustion) of any saturated aliphatic hydrocarbon by 
the number of oxygen atoms necessary for the complete 
combustion of one molecule of the hydrocarbon is a con- 
stant for all hydrocarbons of that class. This may be 
seen from the following table 


Substance and formula. 

Methane, CH 4 . . .. 

Ethane, C3H6 . . . . 

Propane, C 3 H& . . . 

Trimetby Imethane , 

C4H10 

Tetramethylmethane, 

C 5 H, a 

Di-isopropyl, €6 Hi 4 . 


M.H.C. 

No. of 
O Atoms 
needed. 

210*8 

4 

369-0 

7 

5*7-5 

10 

685*2 

*3 

8 44 *8 

16 

996*6 

19 


Quotient, 

M.H.C. ^.O atoms. 
527 
527 
527 

527 

52*8 

525 


H - the heat due to the severance of a C.H link 
plus one-fourth of the heat due to the decom- 
position of one molecule of oxygen into 
oxygen atoms plus one-half of the heat due 
to the formation of liquid water from 
hydrogen and oxygen atoms. 

Li ** the heat due to the severance of aC.C. link. 

It is now possible to set op three equations involving the 
three unknowns, C, H, and L x . The first of these equa- 
tions is derived from the knowledge that the M.H.C. of 
methane is 210 8 cals. Substituting in the general 
expression — 

C+4H - 210*8. 

The second equation comes by substituting values for 
ethane in general expression, and is — 

2C+6H + L1 ■ 369. 

The third equation is set up from a consideration of the 
knowledge furnished by Dr. Thornton. Since he has 
shown that the quotient, obtained by dividing the M.H.C. 
of any saturated aliphatic hydrocarbon by the number of 
atoms of oxygen necessary for the complete combustion of 
one molecule of the hydrocarbon is a constant, it must 
follow that a general expression for the M.H.C. of a 
hydrocarbon divided by a general expression for the 
number of atoms of oxygen needed should also give a 
constant. 

The general expression for the number of atoms of 
oxygen needed for the combustion of a raolecute of a 
saturated hydrocarbon is obviously — 

2»+(» + i) or 3* + i 2. 

Dividing the general expression for the M.H.C. (1) by 
expression (2) we have — 

MC + 2(n + i)H + (»- i)Li w C + 2H + Li + 4 H- 4 Li— C 
3» + * 3 3(3» + i) 

It is readily seen that if the quotient is to be a constant 
it must not contain any expression having the variable 
“n.” Hence, we have the third equation : — 

4 H _-j! L i - c = o or 4 H - 4 L, - C - o. 

, 3(3» + i) 

Collecting the three equations — 

C+ 4 H » 210*8, 2C + 6H + Li * 369, 

4 H — 4 Lj — C ■ o. 

Solving — 

C - 2io*8, H = o, Li = 52*7. 

The value of the heat due to the severance of a double 
bond can now be easily calculated by substituting experi- 
mental values into the general expression for the M.H.C. 
of an aliphatic hydrocarbon containing one doub e bond : — 

M.H.C. - »C + 2i»H + (»— 2)Li + L 2 . 


With this knowledge it becomes possible to set up one 
more equstion than Mr. Redgrove was able to, and hence 
to solve for one more unknown in the calculation of 
M.H.C. of bodies. 

The general expression for a saturated aliphatic hydro- 
carbon is CnHs» 2. The M.H.C. of such an hydrocarbon, 
according to Mr. Redgrove’s theory, is : — 

M.H.C. - »C + 2(« + i)H + (*-i)Li 1. 

n — the number of carbon atoms in the molecule. 

C * the beat due to the decomposition of one 
molecule of oxygen into oxygen atoms 
plus the heat of formation of one molecule 
of carbon dioxide from the carbon and 
oxygen atoms, 


The average value /or L« is found to be -89. 

In a similar manner the beat due to the severance 
of a triple bond is found to be about - 113. 

These results are quite different from those calculated 
by Mr. Redgrove upon the assumption that the heats due 
to the carbon and hydrogen are nil, for the actual value 
of carbon is found to be 210*8 cals. We, too, are unable 
to calculate the actual value of the hydrogen, but the sum 
of the heat due to the hydrogen and the heat doe to the 
severance of the carbon-hydrogen link is found to be zero. 
If the heat due to the severance of this link is negative, as is 
the case with the carbon-carbon link, then the hydrogen 
would also have a positive value. 

This consideration, then, seems to disprove the state- 
ment made by Mr. Redgrove to the effect that 41 properties 
of bodies can be regarded as primarily functions of the 
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number end tort of valency-bonds within their molecules,” 
at least in so far as M.H.C. of bodes are concerned. 
However, it does not disprove the idea that the energy 
changes in a reaction depend upon the valency changes, 
tor the heat due to the combustion of the carbon is made 
up of the heat doe to the severance of the links in the 
oxygen molecule and the heat due to the formation of 
carbon- oxygen links in the carbon dioxide produced. In 
tact, it seems to strengthen this view. It remains for 
more relationships to be discovered before the exact value 
of each bond may be calculated.— 1 am, &c., 

Elmir B. Vlibt. 

700, South Secood S tract, Champaign, 

Illinois, U.S.A., December 5, 1917. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 


Note. —All degrees of temperature are Centigrade unless otherwise 
expressed. 

Comp Us Rtndus Htbdmadoairts in Sianc*i di VAcodimi* 
dss Scuncts. Vol. clxv., No. 24, December 10, 1917 ; 
No. 25, December 17, 1917. 

These numbers contain no chemical matter. 

No. 26, December 24, 1917. 

Separation of the Secondary Aminea obtained by 
the Catalytic Hydrogenation of Aniline. — Gustave 
Fouque.— The catalytic hydrogenation of aniline yields 
cvclohexylamine, dicyclohexytamine, cydobexylaniline, 
tiipbenylamine, and some secondary products such as 
benxene, cyclohexane, and tar. It is not possible to 
separate the three secondary amines by simple fractional 
distillation, but they may be isolated by a method based 
upon the following facts : — (i.). The hydrate of dicydo- 
bexylamine is a strong base, which gives a solid carbonate, 
soluble in water, and three soluble sulphates, non* 
hydrolysable, the neutral sulphate, the sesquisulpbate, 
and the btsulpbate. (il ). Cydobexylaniline does not give 
a carbonate. It gives a neutral sulphate, a sesquisulpbate, 
and a bisulphate, which are all hydrolysable, but soluble 
in water acidulated by sulphuric acid. (iii.). Aniline docs 
not give a carbonate, (iv.). The sulphate of diphenyl- 
amine has not been isolated. 


BulUHm d* lo Sociite Ckimiqu* d* Prone*. 

Vol. xxi.-xxii.. No. II, 1917. 

Action of Hydrogen Peroxide on Neutral Salts of 
Lead. — V. Zotier.— Hydrogen peroxide reacts 00 lead 
salts with formation of lead peroxide, which decomposes 
a part of the hydrogeo peroxide used. With neutral salts 
there is no residual PbOa, and with bas.c salts there is 
only a small proportion of PbO*. With alkaline solutions, 
however, there is a considerable residue of PbO a , at any 
rate with concentrated plumbic solutions. 


MISCELLANEOUS. 


Chemical Society.— The Annual Gtneral meeting will 
be held on Thursday. March 41, 191K, at 4.30 p.m., when 
the President will deliver his Address. There will be an 
Informal Meeting the same evening after the conclusion 
of the formal business of the Ordinary Scientific Meeting 
to be held at 8 p.m. The Council will gladly welcome^ 
assistance from any Fellows who are able to increase the 
scientific interest 01 the Informal Meetings by showing 


experiments or apparatus, and all offers of such assistanc 
should be made to the Assistant Secretary not later than 
the Monday previous to the meeting. 

Association of Metallurgiats and Metallurgical 
Chemiata. — This Association has recently been formed 
in Sheffield, its aim being the furtherance of the efficient 
application of scientific knowledge to industry. Full 
members of the Association mutt be men holding 
suitable academic qualifications, or such as can show 
themselves to have bad considerable experience and to 
possess adequate thcotetical knowledge. Men of lower 
qualifications who are holding responsible posts may 
become Associates or Honorary Members. Members of 
works staffs will be welcomed at the meetings, and it is 
hoped that the Association will help to bring together the 
scientific worker and the man in charge of operations at 
the works. The new Association will have the hearty 
good wishes of all who are interested in the spread of 
scientific knowledge in England and in the improvement 
of the relations between the scientific worker and the 
practical man. The President of the Association is Mr. 
W. H. Hatfield, D.Met., and the Hon. Secretary, Mr. 
G. R. Bolsover. 31, Roeaington Road, Brocco Bank, 
Sheffield, who will provide any further information. 

Federation of Britiah fndustriea. — The report which 
has been drawn up by the Education Committee of the 
Federation of Britiah Industries will well repay careful 
study by all who have at heart the welfare of the Empire. 
The report has received the support of over 2000 firms of 
all sixes and engaged in all industries throughout the 
country, end it may thus be regarded as an authoritative 
statement of opinions upon the proposals of the President 
of the Board of Education regarding the reform of educa 
tion. It it agreed that the leaving age should be raised 
to fourteen, but It it not thought advisable that part-time 
education for all up to eighteen should be compulsory. It 
is suggested that at twelve years of age each child in the 
elementary schools should be placed in one of two cl aae ea : 
—(e) The note promising children, who should either be 
dratted straight into a s eco n da r y school or into a junior 
technical school, (b) The less promising children, who 
should remain in the primary school until the age of 
fourteen, meanwhile receiving a general and practical 
training, which might be partly vocational. Under this 
scheme all the more able children would receive a full- 
time course of secondary education. The report dis c u s s es 
the need for improving the teaching staff of elementary 
schools, and advises that a general oniversity training 
should be regarded as an absolute necessity for all who 
t e a ch above the infant standaids, and it is recognised that 
it is preferable that all intending teachers should have the 
opportunity of mixing with fellow students who are 
destined for other careers. Hence it is suggested tnat 
some of the existing training colleges had better be 
abolished. The linking op of the educational machine iy 
with industry is also briefly discussed in the report, as 
well as the question of the incr e a s ed expenditure which 
would be bound to be one outcome of the adoption of the 
scheme. 


MEETINGS FOR THE WEEK 

Monday, nth. - Biochemical Society. 5.30. (la the Institute of 
Physiology. University College, Loodoo). Annual 
General Meeting. 

Tuesday, iatb— Royal Institution. 3. M Thc StUling of Children * 
Health,” b> Dr Leonard Hill. 

Wednesday, 13th.— Koval Society of Arts, 4 ,0. "Ypree awl other 
Flemish Cities Before and Since the War,” by 
Paul Lamiiottc- 

Thuesoay, 14th. — Royal Institution. \ “WarMuvc Fast and Pre- 
sent.** by Sir Aleiandet Mackenzie 
— — Royal Society of Am. 4 to ** English Com 

men e with India. i(o8 i6yb, ’ by Wm. Foster 
PmdaV, 13th —Royal Irstilulioo, 3 30 “The Romantic Movement/* 
by The Rt. Rev W Boyd Carpenter, K.C.V O 
Satueoay, 16th. — Royal Institution. \ “ Problems in Atomic Struc 

ture,” by Sir J. J. Thomson 
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RELATION BETWEEN THE AFFINITY 
VALUES OF THE ALIPHATIC ACIDS OF THE 
MONO- AND DI- BASIC SERIES. 

By GERVAISE LE BAS. 

The tffioity values of these acids have been compared 
with the following results. The data are given in Table I. 

Table I TeM# of Valutt . 


A x 104 . 

Monobasic fatty acids — 

HCOjH o’oai 

CHa.COaH 0*00180 

C2H5.CO3H 0*00134 

C3H7.CO2H 0*00149 

C 4 H 9 CO a H 0*00161 

C5H11.CO2H .. .. 0*0016 

CeH n .LOjH .. .. 0*0017 


Dibasic fatty acids — 

(COOH), — 

CH a (COOH)a .. .. 0*1580 

CaH 4 (COaH|a .. .. 0*00660 

C 3 Hs(COaH)a .. .. 000473 

C 4 Hs(COaHb •• . . 000376 

CjHio(COaH)a . . •• 0*00296 

CH ia (COiH), .. .. 0*00273 

If the second series of numbers be stndied it will be 
found that they constitute a nearly arithmetical series; 
that is, starting from succinic acid (Table II.) 

Table II. 

n(K x 10 -•). 

CaH 4 (COOH)a .. .. 2x000660 « 0*01320 

C)Hs(COOH)a .. .. 3x0*00473 - 001419 

C 4 Hs(COOH)a .. .. 4x0 00376 - 001504 

CjHiofCOOHla .. .. 5x0*00296 - 0*01480 

CeHia(COOH)a •• -• 6x0*00273 » 0*01638 

There is a small progressive increase in the numbers, 
bat they are very nearly the same. 

It may be useful to compare the members of the 
dicar boxylic with those of the mooocarboxylic add series. 

If one set of numbers be divided bv the other, the 
numbers given in Table III. are obtained. 


Table III. 


Oxalic 


0*021 



Formic 





m 

OI580 


8800 

Acetic 


000 18^ 



Surr*n 5 r 

m 

0 00660 


508 

Pf upturn*. 


0 00130 


Gtataric 

m 

OOO473 


3**5 

Butyric 


0’00t50 


Adipic 

m 

O OO376 


235 

Valeric 


O OOI60 


Suberic 


0*00296 


1*85 

Cjptotc 


• OOl6o 


Scbanc 


O OO276 


1*62 

Caprylic 


0*00170 




I the points He upon a carve recembting a rectangular 
[ hyperbola. 

It is now necessary to ftad oat whether the curve con- 
forms to the ooodit i o a" 

xy ■ const. 

or not. 

This is done by finding the origin. 

5*08 x - A (const.) (1). 

3‘*S (■*+ 1) ” A (a). 

It it found that — 

x ■ 1*652. 

The origin is thus 0*632 bekiod the ordinate marked o. 
The constant is found to have the following value : — 

A - 5*o8x 1*632 - 8*29. 

Table IV. shows how doeeiy the curve co n fo rms to the 
conditions stated *, that is, to the rectangular hyperbola. 


Succinic 
Propionic 
Olotaric 
Butyric 
Adipic 
Vder£-‘ 

Suberic 
Caproic 

Sebasic , 

- — .. 1 02 

Caprylic 


1. 

xymk. 

1 63a (a) 

8*29 

**®3* (3) 

8*29 

3 *3* (4) 

833 

4‘®3* (5) 

8*57 

5 63a (6) 

9*12 


Table IV. 
Rtlio (v). 

508 

3*5 

2 '33 

1*85 


The dotted lane shows the continuation of the carve on 



the assumption that it is a rectangular hyperbola, and 
consequently the departure from these co ndition s . 

The first two ratios— ' j 

Oxalic Malonic * 

Formic Acetic - 


II these numbers be plotted on a diagram against suc- 
cessive integers i, 2, 3. 4, 5 . . it will be band that 


do not lie upon this curve, although they are very large, 
as would be the case if they did oonform to the conditions. 
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The free energy due to the carboxylic group ia not con- 
Etant in the first series, but diminishes rapidly as the 
hydrocarbon chain increases in length. 

When there are two tuck groups tn the same molecule the 
ratio between the affinity values practically varies inversely 
as the number of carbon atoms between the groups , but in 
HOOC.COOH and HOOC.CH 2 .COOH the ratio in- 
creases according to some higher power . 

The affinity values are calculated from the total con- 
dition, but as has been shown so frequently the total or 
grin, molecular condition is a guide to the molecular 
condition. One might thus suppose that in tbe formula— 
R— COOH -> R— COO (-) + H ( + ) 
the free energy depends upon the length of R. 

Also in — 

H (+) + (-) OOC-(CHa)*-COO (-) + H ( + ) 
the free energy is due partly to the nature of these groups, 
and to their interaction, and will be related to that in tbe 
first series in such a way that the ratio diminishes inversely 
as the number of methylene groups increase. 

(а) It is fairly certain that the hydrocarbon elements, 
methylene (CH 2 ), are able to fix or neutraliss some of the 
residual affinity. 

(б) The two carboxylic acid groups are able to excite 
one another to activity, or increase the amount of tbe 
residual affinity in a manner which varies inversely as the 
number oj interposed methylene groups. 

These two opposite actions have to be considered in 
discussing the affinity constants. So does the optical 


anomaly (Table V.). 

Table V. 

R.. 

£«R«. 

A. 

Formic acid, CH 2 0 2 

8 52 

8 * 3 ° 

-1-0*20 

Acetic acid, CH3COOH .. .. 

12 98 

12*90 

+ 0 03 

Propionic acid, C 2 H 5 .COOH . . 

1742 

17*50 

- 0*05 

Butyric acid, C3H7. COOH 

22*05 

22*10 

- 0*05 

Succinic acid, C 2 H 4 (COOH) 2 . . 

2397 

2374 

+ 0*23 


The differences given in Table V. are evidently not 
commensurate with the variations in the value of K, but 
they both undoubtedly show the saturating power of tbe 
hydrocarbon residues. 

In the dicarboxylic acid series the first effect to be noted 
is tbe mutual action of tbe two carboxylic groups ; that is, 
the one increases the tendency of the other to activity or 
to possess residual affinity. This effect is diminished by 
the interposition of methy ene groups, because the in- 
dividual carboxylic groups become less active for the 
reason stated. Not only is the variation from compound 
to compound nearly constant, but the values of K them- 
selves are multiples of the simple integers 2, 3, 4, 5 . . . 
which represent tbe number of carbon atoms interposed 
between the carboxylic groups. It follows that the inter- 
action of one group on tbe other varies inversely as the 
number of interposed carbon atoms as against tbe action 
through the hydrocarbon chain. If the monocarboxylic 
and dicarboxylic acids be compared it will be seen that in 
the latter case the diminution of K to its constant value 
does not take place till tbe compound C6 Hi 2 (COOH) 2 is 
reached. The mean of the last five values in the first series 
is 0*00155, and twice this value is 0 0031. Interaction in 
the first four members of the dicarboxylic acid series is 
evident. Tbe two carboxylic groups, then, under these 
conditions act independently. 

A suggested formula for these dicarboxylic acids which 
takes these facts into account is thus— 

XH 2 -CH 2 -COOH x 
CH< ). 

N CH 2 -CH 2 — COOH/ 

Since tbe values for the acids of this series are in the 
denominator, the ratios are in consequence augmented. 
For this reason probably the first two ratios are out of 
harmony with the others. 


THE OILS IN CHERRY PITS. 

By HAROLD L. MAXWELL. 

It has been the subject of much speculation as to how the 
Germans have been supplied with fats for food and to 
furnish tbe glycerin from which the important explosives, 
dynamite and nitroglycerin, are made. They have been 
charged with having extracted fat from their enemy dead 
to be used in making tbe explosives. 

An important source of oil in Germany are doubtless 
cherry pits, and it is quite likely that German thrift and 
efficiency would not be slow to utilise that material. There 
is scarcely any other country on the globe where the 
cherries have reached so high a degree of perfection as in 
Germany. Cherry trees are everywhere, and the cherries 
are unusually large and constitute an important article of 
food during the early summer. We thought it might not 
be devoid of interest to investigate the oil content of the 
cherry pits. 

We secured a quantity of tbe dried seeds of the common 
cherry Prunis erratus and by cracking we obtained 
50 grms. of tbe kernels. These we crushed in a mortar, 
removed to a cloth sack, and placed in Bask a of the ex- 
traction apparatus illustrated below. The oil which 
adhered to the mortar, as a result of the crushing, was 
washed with ether and added to the contents of tbe flask. 

The material to be extracted is placed in flask a. Both 
flasks are then half filled with the solvent, ether, alcohol, 
or water as the case may be. Tbe syphon is then filled 
with tbe solution and both flasks heated on a water-bath. 
The ether vapour created in flask s will force its way 
through tbe short syphon into flask a, where it is con- 
densed by tbe condenser above. The vapour from flask a 
will condense in the same way and return to tbe same flask. 
This operation lowers the level of the liquid in flask b and 
raises the level in flask a, thus starting tbe syphon which 
carries the oil laden ether from flask a to b. Here the 
ether vaporises, leaving its burden of oil in flask a, and 
returning in the form of vapour to flask a to be condensed 
and begin anew its cycle of extracting, transporting, and 
depositing another portion of oil. 

We have used this apparatus with various solvents and 
on different substances. In each case we have found it 
to be accurate and very economical in both time and 
solvent. 

After the extraction had continued for fifty-six hours tbe 
oil laden ether was taken from flask b and to it was added 
the ether from flask a, in order to insure against the loss 
of even the smallest quantity of tbe oils. The ether and 
oil mixture was distilled at tbe lowest possible tempera- 
ture. The boiling point of the ether being 34-9*, the 
mixture began to distil at a slightly higher temperature, 
about 36° C. By fractional distillation the oil was 
separated from tbe solvent. To insure the evaporation of 
all tbe ether the oil was placed in an open beaker and 
heated on a water-bath at 76° C. for three houis. After 
this treatment even the f *intest trace of ether could not 
be detected. 

Tbe yield was unusually large. From tbe 50 grms. we 
secured 18*8 grms. of the oils, or a yield of 37*6 per cent. 
The oils have the characteristic odour of almonds. The 
taste is pleasant, resembling nuts. They are light amber 
in colour and have about tbe consistency of warm castor oil. 

The German Pharmacopoeia states that pure almond oil 
should remain clear at - 10* C. This specimen became 
opaque, showing that we had a mixture of oils and not one 
individual. At low temperatures tbe oils showed nfarked 
changes. Tbe first change in colour began at -5°C., 
when white globules separated out and settled to tbe 
bottom. This indicated that one of the oils solidified at 
that temperature. We kept that temperature constant 
until all the oil which had a tendency to solidify had 
separated out. We set this oil aside for further study, 
which we record later. The amber oil, which constituted 
about 90 per cent of the whole oil content, was drawn off 
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with a pipette and subjected to lower temperatures. At 
- i8 : C. there was no sign of solidification, but at - 19° C. 
the oil became viscous, while at *20° C. it began to 
appear solid. 

The specific gravity oi the oil was next determined by 
weighing out several portions of 2 cc. each on a watch- 
glass of constant weight, and computing the weight per 
centimetre of the oil. We found the sp. gr. to be o 922, 
0*925, and o 924 in three respective cases. This is con- 


under examination we first prepared a normal solution of 
KOH in absolute alcohol. This was done by dissolving 
56 grms. of KOH in 800 cc. of the solvent and then 
diluting to a litre. We weighed 4*317 grms. of the oil 
into an eight ounce flask and added to it exactly 30 cc. of 
the alcoholic solution of KOH. The fUsk was connected 
with an inverted condenser and the contents kept at a 
boiling temperature for thirteen hours. We cooled the 
flask and added 200 cc. of water. Then to determine the 




sistent with the results secured by T. Mahan, who investi- 
gated the oil in almond nuts. He records the sp. gr. 
of that oil as 0-9x8 to 0*923. 

Two grms. of the oil were weighed out on a constant 
watch-glass and set aside room temperature for a period 
of forty hours. After that time the oil was weighed again, 
noting the loss in weight. The oil is slightly volatile, 
since during that period it had lost i£ per cent of its 
original weight. 

)n determining the saponification equivalent of the oil 


amount of the oil which had been saponified by the KOH 
we titrated the contents of the flask with normal HCI, 
using phenolphthslein as an indicator. The difference 
between the number of centimetres of tbe normal KOH 
used and the number of centimetres of normal HCI neces- 
sary to neutralise the remainder after the saponification 
represents the number of centimetres of the KOH 
neutralised by he oil, Ac. Then, knowing tbe strength of 
the solution an&the nature of the oil, we can determine 
the percentage of the saponifiable oil. Tbe saponification 
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equivalent it the object of tbit experiment, and to compote 
that we divide the weight of the oil in mgrma. by the 
number of cubic centimetre* of KOH eolation neutralised 
by the oil. In this case we found it to be 276*8. B. 
Valeota investigated the oil from almond nuts and found 
the saponification equivalent to be 285, and that in some 
cases it ranged as high as 296, depending on the purity of 
the specimen. Thocrner, in a study of the mixed fatty 
acids of almond oil, found the equivalent as low as 204. 

It has been observed by various investigators that many 
fatty oils produce highly coloured products when treated 
with sulphuric acid. After this suggestion we set out with 
this method to determine the nature oi the two oils. 

Taking first the light amber oil, which constituted the 
main portion of the mixture of oils, we added two drops 
of concentrated sulphuric acid to twenty drops of the oil. 
At first there was no colour, but on stirring with a glass 
rod the oil and acid mixture became brown and in a few 
minutes it began to solidify. This also is characteristic 
of almond oil. 

Some of the smaller portion of the oil which bad 
separated out on being cooled in the fiist part of the in- 
vestigation was given the same treatment with a few drops 
of sulphuric acid. When the mixture was stirred the 
colour turned from a yellow to a reddish brown with a 
purple cast. This indicated the presence of Arachis oil, 
the principle oil in peanuts. There was only a small 
amount of this oil present in the specimen. This was not 
sufficient for a complete and thorough analysis. 

There are three sources from which almond oil may be 
obtained — Almond nuts, peach kernels, and apricot 
kernels. Then since the cherry seed belongs to no one of 
these three classes our next question might well be — Which 
one of the three does it most resemble ? 

Samples of almond oil from each of the three sources 
vary in specific gravity, bromine absorption, and colour 
tests. In the first two instances the variation is so slight 
that, allowing for even the smallest error, the line of dif- 
ference is indistinct. It is then the colour tests that mark 
the dividing line between the alnond, peach, and apricot 
oils. The zinc chloride teat is the one employed as 
follows : - Add five drops of the strong zinc chloride solu- 
tion to ten drops of the oil. If there is no change in 
colour after stirring the oil is identical with that from the 
almond nut. If the colour changes to purple or brownish 
purple the oil is from the peach kernel. While if the 
mixture changes to a muddy or a dirty brown the oil is the 
same as that from the apricot kernel. In the sample of 
oil being examined there was no change of colour, 
showing that the oil in this analysis is the same as from 
the almond nuts. 

The taste and odour of cyanogen in the freshly cracked 
cherry pits is evidence of tbs presence of nitrogen. By 
the use of the Gunning method we determined the per- 
centage of nitrogen in the kernels and found no less than 
5*6 per cent. It is to be expected that the ether extraction 
would remove a part of the cyanogen with the oil. We 
took a grm. of the dried residue after all the oil had been 
extracted and made another nitrogen determination. In 
this we found a* 2 per cent of nitrogen, showing that the 
main portion of the nitrogen was neither extracted by the 
ether or expelled by the long heating of the water-bath. 

The residue from the crushed cherry pits was taken 
from the flask and dried in the air for ten hours. Then it 
was heated on the water-bath at ioo° C. for fifteen hours 
to expel the remaining ether and the moisture. The dry 
residue eras weighed and the loss in weight found to be 
20*9 srms. The oils extracted weighed 18 8 grms., leaving 
a difference of a 1 grms. This is no doubt the weight of 
the water expelled from residue when it was heated to 
drive off the remaining ether. 

When cherry seeds or oil-bearing nuts are ground op with 
Cpld water the amygdalin breaks up in an emulsion. The 
pil is partly broken down in the process and glucose sugars 
constitute one of the resulting products. To confirm the 
presence of the glucose Mgers in the water extraction we 


treated a quantity of the dried seeds with water for twenty- 
four hours. We titrated a fractional part with standard 
Fehling solution and found ij*8 per cent of sugars present. 
Reaction— 

CaoHayNOxt* aH a O- CyH 6 0 + HCN + 2 C 6 H tt 0 6 . 

The cherry oil, which has been found to be essentially 
the same as the almood oil, consists of olein with a small 
quantity of stearin and palmitin. Olein is the chief con- 
stituent of the fatty oils, and may be made by beating 
glycerin with an excess of oleic acid at 204° C. Its formula 
is C57HX04O6. 

It is not to be expected that the Central Powers, with 
their urgent need of oil for food and explosives, have over- 
looked such a productive source of glycerin as we have 
found in the cherry piu. The production of the countless 
tons of explosives necessary to carry on a war has called 
into service every resource of the nation. This is an item 
then not to be under-estimated, for already the cherry- 
seed oil has contributed its bit to the great world war. 

Cornell College, Ifouat Vernon, lows, 

Jsnuery 15, 1918. 


ON THE PREPARATION AND HYDROLYSIS 
OF ESTERS DERIVED FROM THE 
SUBSTITUTED ALIPHATIC ALCOHOLS.* 

By W. A. DRUSHEL end O. R. BANCROFT. 

(Concluded from p. xxs). 


Hydrolysis of Esters. 

Esters Derived from Alpha Substituted Ethyl Alcohols. 
—The following esters of this class were studied 



These esters are found to be unstable compounds, which 
are decomposed immediately upon dissolving in deci- 
normal hydrochloric acid. This was shown by dissolving 
2*5 cc. of the «-chlor-ethy) acetate in 250 cc. of the 
standard decinormal hydrochloric acid. On titrating 25 
cc. of this reaction mixture with decinormal sodium 
hydroxide, the initial titration required considerably over 
45 cc., and the titration made after allowing the reaction 
mixture to remain in the thermostat for ten days showed 
an increase of only 1 to 2 cc. This increase was accounted 
for by the more complete splitting out of halogen, which 
was shown by titrating with silver nitrate. 

In the case of the a-chlor-etbyl acetate the hydrolysis 
products were ecetaldehyde, acetic acid, and hydrochloric 
acid, while the a-cblor-etbyl propionate gave acetaldehyde, 
propionic acid, and hydrochloric acid. The «-ethoxy- 
ethyl acetate gave a similar result yielding acetaldehyde, 
ethyl alcohol, and acetic acid. The presence of the alde- 
hyde was shown in each case by treating a portion of 
Schiff's reagent with a few drops of the solution of the 
hydrolysed ester, which at once imparted a deep reddish 
violet colour to the solution. 

In alkaline solution the reaction was similar to that 
described above, and the presence of the aldehyde was 
shown by warming the solution of hydrolysis products on 
the steam bath, when there was formed the characteristic 
aldehyde resin of acetaldehyde. 

Esters Derived from Beta Substituted Ethyl Alcohols.— 
The following esters of this class were studied 


fl-hydroxy-ethyl acetate, CH a (OH)CH a .O.CO.CH 3 . 
fl-methoxy-etbyl acetate, CH a (OCH 3 ).CH a O.CO.CH,. 

a A.L..I ....... /"» ft „ V « BV /V M.a ** 


0-etboxy- ethyl acetate, CH a (OC a H 5 ).CH a .OCO.CH 3 . 
|1 cb lor -ethyl acetate, CH a Cl.CH a .O.CO.CH s . 
0-brom-ethyl acetate, CH a Br.CH a .O.CO.CH 3 . 

These esters were hydrolysed in decinormal hydrochloric 


• From the American Journal of Science, xliv., p. 371. 
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acid at 25°, 35°, and 45°, and measurements made from 
which the velocity constants were calculated. The hydro- 
cbloiic acid used as a catalysing agent was standardised 
by precipitation with stiver nitrate. The titrations were 
made with decinormal sodium hydroxide, free from carbon 
dioxide, using phenolphtbalein as an indicator. 

The bydrcxy-, methoxy-, and ethoxy-ethyl acetates were 
found to be very soluble in water. The introduction of 
halogen in the g position of the ethyl radical of the alcohol 
gives to the derived ester a much greater insolubility. 
Only 8 cc. of the 6 -brom -ethyl acetate could be dissolved 
in a litre of water. The 3-chlor-ethyl acetate was found 
to be slightly more soluble. 

In the case of the hydroxy*, methoxy-, and ethoxy- 
ethyl acetates 2*5 cc. of each ester were dissolved in 250 
cc. decinormal hydrochloric acid, previously warmed in 
the thermostat to the required temperature. As soon as 
the ester was completely dissolved a 25 cc. portion of the 
reaction mixture was withdrawn by means of a pipette, 
and run into about 100 cc. of cold distilled water in a 300 
cc. flask. The pipette was allowed to drain thirty seconds 
and the time was then recorded, and the solution titrated 
at once with decinormal sodium hydroxide. Subsequent 
titrations were made at suitable time intervals, and the 
final measurements were taken when a sufficient time had 
elapsed to insure that the hydrolytic action was complete. 
To insure uniformity in experimental conditions a sample 
of ethyl acetate was hydrolysed at the same time as the 
esters of this group, and the hydrolysis of each ester was 
made in duplicate. 

On account of the greater insolubility of the g-balogen 
substituted enters only 2 cc. of each ester were dissolved 
in 250 cc. of decinormal hydrochloric acid. Measure- 
ments of the velocity of the hydrolysis of these esters 
were made as just described. In order to ascertain if any 
halogen was liberated in the form of free halogen acidh 
derived from the esters, or the halogen substituted alcohols 
resulting from the hydrolysis of the esters, titrations were 
made with decinormal silver nitrate at the time when the 
equilibrium was reached in the titration of the acid with 
decinormal sodium hydroxide. 

At 25° and 35° there was no splitting out of halogen in 
the case of the g-cblor-ethyl acetate, and none from the 
d-broro-ester at 25°. At 35 and 45°, however, the d-brom- 
ethyl acetate was found to decompose slightly in this way, 
and at 45° a slight decomposition was indicated in the case 
of the g-chlor-ethyl acetate, which was so small as to be 
negligible. The necessary correction for the formation of 
halogen acid was applied to the titrations made at 35 and 
45° in the hydrolysis of the g-brom ethyl acetate, where 
as much at 4 per cent to 4*5 per cent of the halogen was 
found to be set free as halogen acid. 

From the titrations made as described above the velocity 
constants recorded in Table I. were calculated by using 
the titration formula for monomolecular reactions : 

K - [log (T „ - To) - log (T, -T,.)], 

where To is the initial titration, the final titration, 
and T* an intermediate titration all expressed in cubic 
centimetres of decinormal sodium hydroxide, and t repre- 
sents the time interval in minutes between the initial 
titration To end that represented by T«. 

On referring to Table 11. it is seen that the substitution 
of chlorine, of hydroxyl, and of ethoxy! groups in the 
3-position produces practically the same retardation of the 
rate of hydrolysis in each case. The substitution of 
bromine in the 3-position produces a retardation of the 
hydrolysis which is considerablv less than that produced 
by the chlorine substitution. The ethoxy 1 group produces 
a slightly greater retardation than the methoxyl group. 

The temperature coefficients are found to vary from 2*2 
to 2*5 for an increase of io°. The substitution of bromine 
in the 3-ooeition has a lowering effect upon the tempera- 
ture coefficient. In the case of other esters of this series 
the coefficients were found to be practically constant, 


having the values of 2*5 for the range from 25—35* and 
2*3 to 2*4 lot the increase from 35-45°. 


Summary. 

1. The 3 hydroxy-ethyl acetate may be prepared by 
refluxing equimolecular quantities of ethylene glycol and 
glacial acetic acid for eight hours over twice the theoretical 
quantity of anhydrous copper solphste. 

2. By heating equimolecular quantities of ethylene 
dibromide end freshly fused potassium acetate on a water 
bath for eighteen hours, the product obuined is glycol 
diacetate and not the g hydroxy-ethyl acetate. 


Table I. 

Hydrolysis at 23 0 in Decinormal Hydrochloric Acid , 


Kster. 


0 hydroxy- 0 methoxy- 0-ethoxy- 
ethyl ethyl ethyl 

senate. acetate. acetate. 


0-ehlor- 0 brom- 
ethyl ethyl 
acetate, senate. 


Time 

2830 

— 

3300 

2943 

*833 

! 

46 2 

— 

468 

47 4 

53 3 


47*4 

— 

47 * 

46*5 

54*2 


47 * 

- 

46 6 

463 

54*0 

K x io 5 -j 

469 

— 

46 2 

46 0 

55*4 


47*3 

— • 

46* 1 

46*0 

55*8 


47 * 

— 

46*5 

47*4 

56*0 


47 6 

— 

45*5 

461 

569 

Averages 

47 * 



46*4 

46 5 

55 * 

Averages 

47*2 

— 

46 6 

47*2 

5^5 

(duplicate) 





Hydrolysis at 35 0 

in Decinormal Hydrochloric 

Acid . 

Time .. 

660 

840 

870 

660 

660 

1 

r 

122 8 

117 8 

** 5*5 

— 


I 1156 

121 2 

117 3 

** 7*5 

(•093) 


1 **7 8 

119 6 

117 0 

118 4 

124*2 

K X 105 -j 

117*6 

122 3 

118 2 

Il8 2 

132*2 

•1 

1 ** 7*9 

122*6 

**7 2 

** 7*4 

*35 5 

1 

1 **7 2 

I23 4 

1175 

117 6 

*39 7 

{ 1186 

*23 7 

118 5 

1 18 6 

140 7 

Averages 

* 17*4 

122*2 

117 6 

117*6 

* 34*5 

Averages 

117 2 

122 8 

1 *7 7 

117*6 

*34 • 

(duplicate) 





Hydrolysis of 45° 

in Decinormal Hydrochloric 

Acid. 

Time 

210 

212 

213 

210 

210 


r <*5*) 

(359) 

(* 77 > 

(,ja) 

— 


280 

281 

279 

27 * 

(226) 


1 278 

281 

279 

272 

288 

K y 105 J 

27H 

280 

278 

273 

297 

1 

1 *78 

283 

279 

278 

298 

1 

1 279 

283 

280 

277 

306 

1 

[ 280 

282 

280 

2 JH 

300 


Averages 279 

282 

279 

275 

298 

Averages 279 

281 

280 

275 

297 

(duplicate) 





Table II. — Summary. 




K 4- in* 


Temp. 

Temp. 

Temperature ... K + to*’ 

K + 1 0* 

cocff 

coeflL 

*5° 

35 

45 

15* 

33 “43* 

Ethyl acetate 

l62‘I 
l6l 9 

w u. 

Vl 

00 
6 6 

2*5 

2*3 

3-hydroxy- J 47 1 

**7 4 

2790 

2 5 

2*4 

ethyl acetate \ 47 2 

117*2 

279 0 

3- methoxy- 1 — 

122*2 

282*0 


2*3 

ethyl acetate 1 — 

122*8 

2810 


g ethoxy- 1 46 6 

117 6 

279 0 

2 5 

24 

ethyl acetate < 46 4 

* *7 7 

280 0 

3-chlor- <55*1 

*34*5 

298*0 

2*4 

2*2 

ethyl acetate 1 56*5 

*34 8 

298*0 


3. g ethoxy-ethyl alcohol is formed by digesting aqui- 
molecular quantities of g-brom-ethyl acetate and sodium 
ethylate for half an boor in alcoholic solution. 
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4. The substitution of halogen or an alkoxyl group in 
the a-position of the alkyl radical of an ester accelerates 
the decomposition of the ester to such an extent that the 
reaction velocity is not measurable. In tbs case of all 
three esters of this type that were hydrolysed acetaldehyde 
formed one of the hydrolysis products. 

5. The substitution of hydroxyl, alkoxyl, or halogen in 
the / 3 -position of the alkvl radical produces a considerable 
retardation on the rate ot hydrolysis. In the case of the 
esters derived from the $ substituted ethyl alcohols it was 
found that the hydroxyl and ethoxyl groups and chlorine 
produce practically the same degree of retardation. 

6. The ethoxyl group produces a slightly greater retard- 
ation than the metboxyi group. 

7. The introduction of halogen in the / 3 -poaition of the 
alkyl radical produces a retardation of the rate of hydro- 
lysis. In the case of the /8-brom-etbyl acetate this re- 
tardation is less than in the case of the /8-chlor-ethyl 
acetate. 

S. The temperature coefficients in the case of the esters 
derived from the /^-substituted alcohols are found to vary 
from 2*2 to 2*5 for an increase of xo°. The substitution 
of bromine in the -position has a lowering effect upon the 
temperature coefficient. 


STRONTIUM : 

Its Occuekbncb, Industrial Application, and thk 
Manufacture op its Salts.* 

By RICHARD K. MEADE, 

Consulting Chewiest Engineer. 

Strontium was discovered as an independent element 
almost simultaneously, in 1792, by Hope, an English, and 
Klaproth, a German chemist. Davy first obtained the 
impure metal by an electrolytic method similar to that 
which he employed in preparing metallic barium, but the 
pure metal was first made by Bunsen and Matthiesssn 
in 1855. 

The name Strontium is derived from the mineral stron- 
tianite, which is a carbonate of the metal. This mineral 
was first noticed in the lead mines of Strontian, a town in 
Argyleshire in Scotland, hence its name. 

Metallic strontium may be prepared by the same methods 
employed to pbtain metallic barium ; the most common 
being the electrolysis of a molten bath of strontium 
chloride in the presence of ammonium chloride. It may 
also be prepared by plunging sodium amalgam into a hot 
saturated solution of strontium chloride, whereby strontium 
amalgam ia formed ; this latter is then decomposed by 
distilling off the mercury in a current of hydrogen, the 
strontium metal remaining in the retort. 

Strontium is a yellowish metal of specific gravity 2*5. 
It decomposes water at ordinary temperatures just as do 
potassium and sodium, oxidises rapidly in the air, and burns 
with a reddish flame. 

Occurrtnc #. 

According to Clark, strontium is much less abundant 
than barium but more so than nickel or lithium for 
example. It forms about 2/100 of one per cent of the 
earth’s crust. It is found in sea water, in minute traces 
it is true, but nevertheless it may be detected in this by 
the ordinary analytical methods, and also in many igneous 
rocks. 

The two principal minerals in which strontium occurs 
are c$U%HU % the sulphate of the metal, and strontianit #, 
the carbonate. Of these two, the sulphate only is found 
in bodies of sufficient sire to constitute a source of supply 
for the metal and its salts. Strontium also occurs in 
appreciable quantities in minerals which are mixtures of 
this metal with barium and calcium, notably the barite 


* Copyright, 1918, tv the Feote Miaersl Company, Inc. Established 
ever forty years at Philadelphia. 


from Kentucky, but these latter ores can hardly be con- 
sidered as a source of strontium owing to the difficulty of 
separating it from the other metals. 

Ctbstito, or native strontium sulphate, should contain 
when pure 56 per cent strontia, SrO, and 44 per cent 
sulphur trioxide, SO s . It is rarely found pure, however, 
the principal impurities being silica and the oxides of iron, 
aluminium, calcium, barium, and sodium. To be com- 
mercially acceptable it should contain at least 50 per 
cent strontia, corresponding to about 90 per cent strontium 
sulphate. 

Celestite resembles barite in appearance, and like the 
later mineral is heavy and soft. It has a specific gravity 
of 4*o, when pure, or a little less than that of barite (4*3 
to 4*6). It has about the same fpsibility as the latter 
mineral (3 on the Mohr’s scale), being easily fused in the 
blowpipe flame, and about the same hardness (a to 3), 
being easily scratched by a knife. In colour the mineral 
is white with a vitreous pearly lustre, and the cleavage is 
nearly perfect in three directions at about right angles to 
one another. The cleavage faces usually show a translu- 
cent bluish cast, but sometimes a reddish cast. 

Strontianit #, the native carbonate, is a relatively rare 
mineral, and hence is of academic rather than practical 
importance. It would be an excellent source of strontium 
salts, if obtainable in quantity, however, as it is soluble 
in most dilute acids, and hence could he easily converted 
into strontium salts. When pure it contains 70 per cent 
strontia and 30 per cent carbon dioxide. The mineral has 
a specific gravity of 3*7 and a hardness of 3. It is brittle 
and difficultly fusible. Its colour varies from white to pale 
green or to yellow. 

Brewsterite is a hydrous silicate of strontium, barium, 
calcium, and aluminium containing usually less than 10 per # 
cent strontium. Strontiano-calcite is a strontium bearing 
calcite and baryto-celestine a strontium bearing barite. 
All are quite rare and of no commercial importance. 

Ditsetion of Strontium . 

The strontium minerals are recognised by the fact that 
if pulverised and heated with a little hydrochloric acid 
and a platinum wire is moistened with this mixture and 
held in a non-luminous flame the latter is coloured crimson. 
The flame coloration produced by strontium is much more 
brilliant than that produced by calcium, which is only a 
dull red, while strontium is a bright crimson. Strontianite 
is quite soluble in hydrochloric acid, but celestite is but 
slightly so. A saturated solution of calcium sclphate 
added to the solution of strontianite after the latter has 
been evaporated to a svrupwill produce a white precipitate. 
Celestite maybe told from strontianite by the fact that the 
latter dissolves in hydrochloric acid with considerable 
effervescence, while the former does not. Celestite, if 
powdered, mixed with sodium carbonate and ground char- 
coal and the mixture heated on a piece of charcoal, cooled, 
moistened, and placed on a silver coin, stains the latter 
black. Strontianite does not. Either mineral after 
heating strongly will, if moistened and placed on red 
litmus paper, turn the latter blue. Both strontianite and 
celestite are fusible, the latter more so than the former. 

In the analysis of strontium ores the finely powdered 
samples should be fused with about ten times its weight of 
sodium carbonate and the fused mass extracted with hot 
water. After washing, first with hot water and then with 
ammonia water until free from sulphates, the residue is 
dissolved in a little hot dilute hydrochloric acid. The 
heavy metals, if present, are separated from this solution 
by means of hydrogen sulphide, first in scid and then in 
ammoniacal solution. If heavy metals are absent, iron 
and alumina are separated by the usual ammonia precipi- 
tation. The strontium, barium, and calcium are next 
precipitated by means of ammonium carbonate solution. 
The carbonates are dissolved in hydrochloric acid, the 
latter expelled by evaporation, and the solution made just 
acid with acetic acid and the barium precipitated with 
ammonium chromate in the usual manner. The strontiom 
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and calcium are then precipitated from the filtrate from 
the barium, rediaaolved and reprecipitated. The latter 
carbonate ia dissolved in nitric acid, the solution evaporated 
to dryueas, and the strontium nitrate separated from the 
calcium by means of a mixture of equal parts of absolute 
alcohol and ether (or amyl alcohol), in which the calcium 
nitrate is soluble. The residue of strontium nitrate may 
then be dissolved in water and the strontium determined 
as sulphate. 

Source t. 

The principal sources of celestite in the past have been 
the British deposits and those at Westphalia in Germany. 
The latter deposits have supplied large quantities of 
celestite, but are now practically exhausted and can not 
produce in competition with the English workings. . The 
largest sopply of the mineral comes from Gloucestershire, 
Eogland, where it is found in marl deposits and can be 
easily obtained. The deposits at Strontian, Scotland, are 
also still productive. The English celestite usually runs 
about 90 to 95 per cent strontium sulphate. 

Strontium minerals have never been obtained to any 
degree in this country or in Canada until 1916, when some 
celestite was mined in Arisons and southern California, 
and what strontium ore is used in this country is largely 
imported. Both celestite and strontianite are found in 
many localities in America, however, but most of the 
deposits are too small to work and others are inaccessible 
to transportation facilities. Among the localities where 
strontium minerals are found may be mentioned : — 

Ottawa Co., Ohio. 

Mineral Co., W. Va. 

Monroe and Wayne Counties, Mich. 

Maricopa Co., Aris. 

Travis Co., Texas. 

Emery Coonty, Utah. 

Skagit Co., Utah. 

San Bernardino Co., Cal. 

Manufacture of Strontium Solti. 

The principal commercial salts of strontium are the 
hydrate, the nitrate, and the chloride, while the bromide 
is used in medicine. Practically all the compounds of 
strontium, as we have said, originate from celestite, and 
the general process employed is similar to that used for 
the production of barium compounds from barite and is as 
follows : — 

The celestite is hand picked and washed if necessary to 
free it from clay and other impurities of like nature. This 
latter is usually done at the mine by crude log washers. 
If calcium sulphate has to be removed, the ore may be 
crushed and leacbed with dilute sulphuric acid, by which 
treatment the gypsum or calcite is dissolved. 

The ore is next dried, mixed with one-third of its weight 
of coal and finely pulverised. The mixture of coal and 
celestite is next fed into a furnace and heated to about 
3000“ C. in a reducing atmosphere. By this treatment the 
strontium sulphate is reduced to the sulphide, according 
to the following reaction : — SrS 0 4 + aCa - SrS-f 4CO. 

The resulting sulphide usually contains some ancon- 
turned carbon and unreduced sulphate and the impurities 
in the ore. It is technically known as M block mh. n The 
reduction is not entiiely complete, but usually amounts to 
about 60 to 80 of the strontium sulphate present. Some 
strontium oxide and carbonate are also produced. 

The types of furnace used are varied. The ordinary 
reverberatory furnace is generally employed, while occa- 
sionally a small roaster of tbe Bruckner type is used. A 
more modern furnace would be along the lines of tbe 
rotary cement kiln. 

Tbe reverberatory furnace consists of a hearth about 4 to 
S feet wide and from 10 to 20 feet long, heated by a 
furnace at one end. Tbe m xture of ore and coal is spread 
in a thin layer on the hearth and rabbled with iron rakes 
at occasional intervals. The mass is heated by tbe products 
of combustion which pass over it and are deflected down 


upon it by the arch o( the furnace. Reducing conditions 
are aimed at and a tcmpeiatuie of about aooo c P. is 
maintained. 

Tbe Brucknet roastei consists of a shoit steel cylinder 
lined with fire buck, about 6 feet to 10 feet in diameter 
and xo to ao tcet long. This revolves on bearing rings, or 
tires, which rest on flanged wheels or rollers. The cylinder 
is revolved by means of a girt gear and pinions. There 
are openings at tbe two ends. At one end of the cylinder 
a furnace is placed and at the other end a chimney. The 
products of combustion are led from the furnace into the 
cylinder and out at the other end to tbe chimney throogh 
the openings in the ends. Tbe charge is introduced and 
drawn by means of a manhole in the side of the furnace, 
which is then closed by a cover. In using the roaster the 
ore is charged into the manhole, the latter dosed and the 
roastei revolved until most of the coal is burned out ; usually 
about two hours are consumed in this heating. The man- 
hole cover is then removed and the charge dumped by 
revolving the furnace. 

The cement, or 41 rotary,” kiln consists of a long steel 
cylinder lined with fire brick revolving as does tbe roaster 
on rollers. It is pitched slightly, however, from the bori- 
sontal so that material fed into it at one end will gradually 
work its way through tbe furnace and out at tbe other. 
Tbe length of tbe kiln is usually at least ten times its 
diameter. The heat is supplied by a jet of burning fuel, 
preferably oil or gas, at the lower end. The material is 
fed in at the upper end and works its way out at tbe lower-; 
as it descends it becomes heated to a high temperature and 
reduction takes place. 1 he time in tbe furnace can be 
regulated by the speed of revolution of the kiln and also 
by the pitch of the latter, and usually amounts to about 
one hour. A kiln 5 feet diameter by 50 feet long should 
reduce about twenty tons of celestite in twenty- four hours. 

The hot gases emerging from any of the above furnaces 
are sometimes utilised tor evaporation of tbe solutions 
by leading under iron pans supported on a brick flue and 
sometimes are led through a boiler and used to produce 
steam. 

The black ash may be cooled in a pile or it may be 
placed directly in water in the teachers and so cooled. Tbe 
teachers consist of iron boxes with a perforated metal 
plate or screen near tbe bottom. On this plate is placed 
burlap bags and then a layer of clean boiler ashes and on 
top of the ashes tbe black ash is dumped. Water is now 
poured tbe black ash and the strontium sulphide dissolved 
out. The latter is quite soluble and fairly strong solutions 
can be produced. The black ash is next washed free from 
the sulphide with hot water. This wash water can be 
either added to tbe strong sulphide solution obtained by 
tbe first leaching of tbe black ash, or preferably it may be 
kept and used to leach a fresh lot of ash. 

Tbe solution from the teachers is pumped or run into 
steel settling tanks, sometimes provided with steam coils, 
where any particles of blask ash, &c., which have run 
throogh tbe filter bed in tbe bottom of the leachers are 
allowed to settle. This solution is free from iron but 
would contain barium and calcium if present in tbe ore. 
The clear solution is then ready for convetsion into other 
compounds of strontium. 

If the carbonate or hydrate is to be made the clear solu- 
tion of the sulphide is run into wooden tanks provided 
with agitators, where the strontium is precipitated as car- 
bonate by means of soda ash, practically the theoretical 
quantity necessary being added for this purpose. The 
precipitate is allowed to settle and the liquid above it 
drained off. Tbe sodium sulphide in the latter may be re- 
covered by evaporation and sold to tanners, Ac. In the 
latter event tbe solution is evaporated in iron pans, heated 
by tbe waste gases from the furnace, when a fused product 
containing 40 per cent water is obtained. 

The precipitated carbonate is now washed with water by 
decantation several times and filtered off by means of a 
filter press. If carbonate only is denred the filter press 
cakes are dried in a tunnel dryer, through which air from 
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a fan heated by steam coils circulates, or else in a closet 
dryer heated by means of steam pipes, &c. The cakes 
are then crushed and pulverised, when the carbonate is 
ready for the market. 

If hydrate is to be produced the filter press cake is cut 
into blocks, dried and ignited at about 1200° C. in some 
form of shaft kiln. No doubt the rotary kiln described 
previously could be used for this purpose, but so far this 
has not been done. The oxide so produced is slaked with 
water for the production of the hydrate. 

Another method of converting the sulphide into carbonate 
is by treating the solution with carbon dioxide gas. This 
is usually effected by allowing the sulphide solution to 
pass down through an ordinary absorption tower, ascend- 
ing through which is a current of chimney or kiln gases 
rich in carbon dioxide. Strontium carbonate and hydrogen 
sulphide are produced thereby. The objection to the above 
method is the formation of hydrogen sulphide, and so long 
as there is a good market for sodium sulphide the precipi- 
tation method is the simpler of operation. 

The hydrate can be produced directly from the sulphide 
by adding sodium hydrate to the latter solution and cooling, 
when the strontium hydrate crystallises out. The mother 
liquor is then concentrated further by evaporation, when 
the balance of the strontium hydrate separates on cooling. 
Both the strontium sulphide and caustic soda solutions 
should be saturated. 

In preparing the nitrate the sulphide solution may be 
treated directly with nitric acid, in which case the 
hydrogen sulphide must be taken care of, or the simpler 
plan of dissolving the precipitated carbonate in nitric acid 
may be resorted to. If nitric acid is added to the solution 
of strontium sulphide the operation is usually conducted 
in closed vats and the hydrogen sulphide evolved is drawn 
off by a fan and burned by passing through a coke fire. 
When the nitrate is prepared the yield may be increased 
somewhat by leaching the black ash with very dilute nitric 
acid after leaching with water. This treatment dissolves 
any strontiuih carbonate in the black ash. The nitric acid 
solution then contains iron, which may be precipitated by 
treating the solution with a slight excess of strontium car- 
bonate or sulphide, when the iron will be precipitated. 

• The carbonate may be produced directly from celestite by 
boiling the latter with sodium carbonate solution. Since 
strontium sulphate is slightly soluble in water the mineral 
is gradually converted to the carbonate according to the 
reaction — SrS 0 4 + NaaCC^ - SrC 0 3 + Na 2 S 0 4 . 

The carbonate can then be filtered off and treated as 
above. 

This process is employed by one American manufacturer. 

US4S. 

At the present time a limited quantity of strontium salts 
is used in this country, where practically the sole employ- 
ment is in the manufacture of fireworks, signal-lights, and 
signal shells. The most important purpose for which 
strontium salts are used abroad has never been developed 
in this country ; namely, the strontia or Scheibler process 
for the recovery of sugar from beet sugar molasses. Ger- 
many at the time of the outbreak of the war was using 
annually in the beet sugar industry from xoo.ooo to 
150,000 tons of strontium hydroxide. (This does not 
represent the consumption of hydrate in the German sugar 
industry, as most of that used is recovered as will be 
explained later on). In Russia also, where the beet sugar 
industry is well established, probably as great an amount 
was used. In Italy, Great Britain, and the United States, 
however, the lime or Steffens process is the one usually 
employed. It is generally conceded that the strontia pro- 
cess is more efficient than the lime process, and that the 
prineipal difficulties connected with its establishment in 
this country have been the cheapness and facility with 
which lime could be obtained on the one hand and the 
expense and difficulty of obtaining strontium hydrate on 
the other. In the case of lime, too, this is generally dis- 


carded alter being used, while, owing to the expense, 
strontia must be recovered. 

In view of the present high price of scgar and the need 
of employing the most efficient process for its recovery, 
now would seem to be an excellent time to introduce the 
strontia process into this country. With the introduction 
of this process the nedd for strontia would increase enor- 
mously over the present demand. 

Mr. H. £. Zitkowski estimates that about 150,000 tons 
of beet sugar molasses are desugarised annually. For 
this purpose approximately 150,000 tons of strontium 
hydrate would be required. Of course most of this is 
recovered, but assuming a loss of 5 per cent, which is not 
far from the truth, the total quantity of strontium hydrate 
consumed in this industry would amount to 7500 tons — a 
quantity many, many times exceeding our present con- 
sumption. To the commercial manufacturer entering the 
strontium salt fields, therefore, the prospect of developing 
such a market among the beet sugar producers should be 
an incentive to much missionary work in this latter in- 
dustry. No doubt the failure of the American sugar manu- 
facturer to consider more favourably the strontia process 
bus been due, in part at least, to the feeling that the 
strontium hydrate supply was too far away and too uncer- 
tain for him to supply his present methods by even a more 
efficient one using such an unassured raw material. 

As I have said, the principal use of strontium in this 
country is in the manufacture of fireworks, night-lights, 
and signal shells, in which its sole function lies in the 
brilliant crimson colour which it imparts to the flame. It 
is probable that the quantity used in fireworks is relatively 
small, but the quantity used in the signal-lights which are 
used by railway and steamship companies is quite appre- 
ciable. Since the war began there has unquestionably 
been a considerable demand for strontium nitrate to be 
used in signal shells, and it is probable that this, as well as 
the cessation of importations, has occasioned the increase 
in the domestic production in the last tew years. 

To produce red lights strontium nitrate is usually mixed 
with chlorate of potash and sulphur, a standard formula 
being potassium chlorate 30 parts, sulphur 16 parts, char- 
coal 2 parts, strontium nitrate 46 parts, and antimony sul- 
phide 6 parts. For the production of signal shells it is 
stated that ammonium picrate and strontium nitrate are 
used, by which means a very brilliant and powerful scarlet 
flame is obtained. 

The salts of strontium are used to a very limited extent 
in medicine. The principal salts being the bromide, 
iodide, and salicylate. All three of these are listed in the 
Pharmacopoeia. Of these three salts the bromide is used 
quite extensively as a nerve sedative in epilepsy, nervous- 
ness, hysteria, &c. ; the iodide in heart disease, scrofula, 
&c., and the salicylate in rheumatism and gout. Strontium 
salts are used in place of the corresponding potassium 
salts, and are supposed to be less injurious to the stomach, 
and consequently to be preferred to potassium salts where 
continuously to be taken. 

The use of strontium salts for the extraction of sugar 
from beet molasses is very old and was proposed by 
Dubrunfaut as far back as 1849, and it was established 
shortly after this at a sugar refinery in Dessau. The 
modern process, however, was originated by Scheibler, who 
developed it and made it public. Beet molasses contains 
from 45 to 50 per cent of sugai. This sugar can not be 
recovered by crystallisation on account of the numerous 
impurities in the molasses. Strontium salts, however, 
form insoluble saccharates, which separate and are then 
decomposed by carbon dioxide with the formation of sugar 
and strontium carbonate, which latter is reconverted to 
the hydroxide by ignition. The details of the process in 
a general way are as follows : — 

A 20 to 25 per cent solution of strontium hydrate is 
first prepared by boiling in a suitable tank provided with 
steam coils and stirrers. The molasses is next added in 
amount equal to about one-third of that of the strontium 
solution, while the latter is stirred rapidly and heated. 
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Strontium hydroxide it next introduced it needed in each 
amount that the matt hat 13 to 13 per cent of excess 
alkalinity. The quantity of strontium hydroxide heart 
the relation to the sugar in the molattea of about 
the proportion 2*5 to 1. The heating it con- 
tinued at 100* C. The dibasic strontium aaccharate, 
CtaHaaOii.aSiO, it precipitated. Tbit latter it filtered 
rapidly, while hot, through bag- filters and washed with 
boiling 10 per cent atrootium hydroxide solution, the latter 
being recovered from the filtrate. The aaccharate it then 
dissolved in a cold strontium hydroxide solution, and the 
solution introduced into crystalliaers where the tempera- 
ture is reduced and kept below xo° C. In the course ot 
three days approximately one-half of the strontium hydrate 
separates io a crystalline ferm, when the sugar solution 
containing the balance of the atrontia is decanted. The 
residue ot strontium hydrate cryatala is centrifuged and 
the crystals washed with cold strontium hydrate solution 
and used on another lot of molasses. The sugar solution 
is mixed with the washings from the strontium hydrate 
crystals, and the mixture is then saturated with carbon 
dioxide until it shows a slight alkalinity, all the strontium 
being thus precipitated as carbonate. The latter is col- 
lected on a filter and the sugar solution obtained is either 
mixed with beet juice in the factory or is concentrated and 
boiled alone for the crystallisation of the sugar, this 
latter being placed directly on the market without being 
refined. 

The strontium carbonate recovered is obtained in the 
form of filter press cakes, which are cot into blocks and 
burnt In a suitable shaft kiln. There is no doubt, if this 
process should be adopted in this country, that this calci- 
nation could be effected much better in the rotary cement 
kiln, as this is used at present for the reburning of calcium 
carbonate waste from the recovery of beet sugar by the 
lime process. 

The American Industry. 

At the present time an American strontium industry is 
in the process of formation. Several of the older chemical 
companies are making small quantities of strontium com- 
pounds, chiefly the nitrate, and two or three plants in 
Southern California have been established especially for 
this purpose. These plants do not entirely take c«re of 
the present domestic demand, which it is estimated 
amounts to approximately 1,000.000 pounds, or about 500 
tons. This demand is no doubt due largely to war con- 
ditions, as the use of signal lights both on sea and land 
has been enormously increased thereby. The price of 
nitrate under normal conditions is about 8 cents per pound, 
but the war prices have fluctuated between 20 and 50 cents, 
with about 35 cents as an average. The price of the car- 
bonate is about 18 cents for the technical grade . —Mineral 
Poote Notes, February, 1918. 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

Ordinary Meeting , February at, 1918. 

Sir J. J. Thomson, 0 . 14 . , President, in the Chair. 

Papers were read as follows : — 

M Scattering of Light by Spherical Shells , and by Com- 
plete Spheres of Periodic Structure , when the Refr activity 
is small. 1 * By Lord Raylkioh, O.M., F.R.S. 

The problem ot a small sphere of uniform optical 
quality has been use ted in several papers. In general, 
the calculations can be carried to an arithmetical conclu- 
sion only when the circumference of the sphere does not 
exceed a few wave-lengths. But when the relative re- 
fractivity is small enough, this restriction can be dispensed 
with, and a general result formulated. 


In the preseot paper some former results arc quoted, but 
the investigation is now by an improved method. It com- 
mences with the case of an infinitely thin spherical shell 
from which the result for the complete uniform sphere is 
derived by integration. Afterwards application is made 
to a complete sphere of which the structure is symmetrical, 
but periodically variable along the radius, a problem of 
interest in connection with the colours, changing with the 
angle, often met with in the organic world. 

M Nature of Heat as directly Deducible from the Postulate 
of Carnot.** By Sir Joseph Laemor, F.R.S. 

The germinal idea which developed, in the mind of 
Sadi Carnot in 1824, into the dynamical theory of beat, 
was that beat can give rise to motive power only 
in the process of carrying through its effort towards an 
equilibrium . A proof is now offered that Carnot's principle 
regarding beat-engines follows from this basic idea by 
itself alone, without requiring the introduction of any 
hypothesis as to the physical nature of beat. It then 
further follows, from applying the same Carnot formula 
both to direct and to reversed working, that a scale of 
measurement of heat can be assigned ; i.e. t an ideal 
calorimetric substance can be chosen, so that the heat 
which disappears shall be the equivalent of the motive 
power that is gained, and conversely ; that is, it follows 
that heat most itself be a form of energy. But a limiting 
case of this general result requires separate statement from 
the physical point of view, vis., the ratio of equivalence 
between heat and work may be so small that practically 
the heat is conserved as if it were a substance, and then 
the work may be said to be done by its fall to a lower 
potential, strictly after the analogy of the fall of water to 
a lower level. Finally, a second absolute scale of 
measurement, that of the potential or temperature of heat, 
may be chosen which reduces the thermodynamic relations 
to the sunder d simple form. 

It is also remarked that the original Carnot idea involves 
immediately the complete foundation of chemical physics 
as applied to isothermal processes ; for under isothermal 
conditions it asseru that the interchanges of heat that 
occur during physical or chemical transformations do not 
enter at all into the interchanges of motive power ; that is, 
of isothermal available energy. But physical knowledge 
was not wide enough for a dosen years after 1824 to enable 
a-y general survey of the energies of nature to be thought 
of, and when the principle of the conservation and inter- 
changes of total available energies come into the light 
through the theoretical explorations of Faraday, J. R. 
Mayer, and Helmbolts, and especially the practical 
experimental work of Joule, founded mainly on the 
relations of energy to heat, the Carnot restriction to 
uniform temperature was tactity involved, though not 
overtly expressed until later. 

As a chapter in scientific method, it seems desirable to 
bring into view, even now, the full potentiality that waa 
latent nearly a century ago in the single creative idea of 
Carnot. 

“ Curwed Beams. 1 * By J. J. Guest. 

Previous investigations upon the stresses produced in a 
curved beam by a bending moment have not resulted in 
solutions satisfying the necessary elastic relationships. 

The author first treeu the case of a beam which is 
narrow in proportion to its depth, obtaining expressions 
for the displacements and principal stresses. The results 
are then thrown into forme suitable for calculation, and 
Table I. and Fig. 2 given, whereby the maximum stress 
produced in any case can be obtained by a simple 
calculation. The values of the principal stresses at 
various points of a beam in which the inner radius is 
one-tenth of the outer radios are given in Fig. 3. In this 
case the stress at the outer radius is o 26, and the maxi- 
mum value of the radial stress 0*30 of the maximum 
circumferential stress which occurs at the inner radius. 

For the case of a wider beam the author then shows that 
for the third principal stress to be tat 0, both the inner and 
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outer surfaces of the beam section most curve in a definite 
manner, depending upon the value of Poisson's ratio for 
the material used. The displacements and stresses are 
obtained, and in Fig. 4 the boundary curves are drawn 
for a mild steel beam having the central section curved as 
in the example above. Curves showing the principal 
stresses at a distance from the central plane are given. 

The rigorous solution for the case of a very wide beam 
compelled by restraints to preserve a cylindrical form as it 
bends is then given. 

The paper concludes with a semi- graphical method for 
estimating the maximum stress occurring in other cases, 
that of a beam of circular section being worked out for 
different values of the curvature. 

“ On Monoclinic Double Selenates 0 f the Iron Group.” 
By Dr. A. E H. Tutton, F.R.S. 

In this memoir are described the results of a complete 
investigation of the crystals of the potassium, rubidium, 
caesium, and ammonium salts of the iron group of double 
selenates of the series — 

R a M(| e 0 ,),. 6 H 2 0 . 

It has been rendered possible by the success which has at 
last attended the author’s prolonged attempts to prepare 
ferrous selenate, and especially potassium ferrous selenate, 
as described in the preceding paper. The outstanding 
result is to confirm the conclusions drawn from the 
previous study of three other groups of double selenates, 
and of eight groups (the complete set) of double 
sulphates. 

The general law of progression of the crystallographic 
properties, with the atomic weight and atomic number of 
the interchangeable alkali metals which form the group, 
is obeyed absolutely rigidly by the iron group. The change j 
in the principal (monoclinic axial) angle, the mean of the , 
changes in all the thirty-eight different angles measured, 
and the maximum change of angle, are all directly pro- 
portional to the change in atomic weight or number. The 
change in the dimensions of the structural unit cell of the 
space-lattice, as indicated by the molecular volumes 
and the topic axial ratios and the molecular refrac- 
tion (the best measure of the optical refractive power), are 
properties which progress, with acceleration, with rise of 
atomic weight and number of the alkali metal. 

The key to this interesting crystallographic progression 
and its logical explanation, so long obscure, has been at 
last afforded by the brilliant discovery of Moseley, that the 
atomic sequence number is tbe expression of the com- 
plexity of the atom, and is itself a fundamental constant, a 
direct measure of the positive electric charge on tbe atomic 
nucleus, and of the number of negative electrons clustered 
around it in electrical equilibrium. Atoms so vigorous 
as those of the alkali metallic family group, differing 
regularly by the number of electrons corresponding to two 
whole horizontal rows of elements of the periodic classi- 
fication, must naturally exhibit a similarly regularly pro- 
gressive influence on the structure and physical constants 
of the crystals of a series of salts in which they are the 
interchangeable dominating constituents. 

The results as regards ammonium ferrous selenate prove 
conclusively once more that the ammonium and rubidium 
salts of the same group are almost perfectly isostructural, 
and equally molecularly refractive. 

“ Selenic Acid and Iron. Reduction of Selenic Acid by 
Nascent Hydrogen and Hydrogen Sulphide. Preparation 
of Ferrous Selenate and Double Selenates of Iron Group.” 
By Dr. A. E. H. Tutton. 

Some new properties of selenic acid have been observed. 
Instead of dissolving iron with evolution of hydrogen like 
sulphuric acid, selenic acid is without appreciable action 
on iron. After a very long time the latter becomes thinly 
coated with red selenium due to reduction of a trace of the 
acid by nascent hydrogen produced in the slight action 
which occurs. The net result of this very small amount 
pf reaction is 3Fe + 4H 2 Sc0 4 -3FeS 0 4 ^-Se+4H 2 0, 


The author has found, however, that ferrous selenate 
can be readily prepared by tbe action of selenic acid on 
ferrous sulphide, Fe’S+HaSe 0 4 -FeSe 0 4 + H 2 S. The 
hydrogen sulphide preserves the product in the 
fetrous condition. A slight secondary reaction also 
occurs, for sulphuretted hydrogen reduces selenic acid 
with precipitation of both sulphur and selenium, 
3H 2 S+ H 2 Se 0 4 --= Se + 3S + 4H 2 O t contrary to the state- 
ments of Mitscberlicb and the text books. On filtration the 
green solution contains pure ferrous selenate from which 
monoclinie crystals of FeSe0 4 .7H 2 0 are deposited, but 
which rapidly decompose. The solution, however, mixed 
with an equivalent of rubidium selenate, caesium selenate, 
or ammonium selenate, deposits excellent permanent 
crystals of the monoclinic double selenates with 6H 2 0. 
But if mixed with potassium selenate no potassium ferrous 
selenate crystals are obtained at all under ordinary cir- 
cumstances. After attempts spreading over eight years 
tbe author has at last obtained K 2 Fe(Se 0 4 ) 2 , 6 H 2 0 crystals 
during four of the very cold nights of January, 19x8, when 
the laboratory temperature fell to nearly o° C., and never 
rose above 2 0 C. Above this temperature tbe salt is 
unstable. The crystals were pale green, well formed, and 
clear, but only lasted at most five hours after removal 
from the mother-liquor, becoming opaque white, like 
porcelain. By intensive work, using special methods, on 
the four days succeeding the cold nights referred to, the 
crystallographic investigation of the salt has been com- 
pleted, and the results are communicated, together with 
those for the other three salts of the iron group, in the 
succeeding memoir. 


PHYSICAL SOCIETY. 

Ordinary Meeting , February 22, 1918. 

Prof. C. H. Lees, F.R.S. , President, in the Chair. 

A paper, entitled U A Note on the Use of Approximate 
Methods in obtaining Constructional Data for Telescope 
Objectives ,” was read by Mr. T. Smith. 

The paper discusses the reason why satisfactory 
telescope objectives are obtained by neglecting thick- 
nesses, and solving for freedom from first order aberrations. 
It is shown that tbe introduction ot thicknesses into such 
an objective without any alteration in the curvatures of 
the surfaces yields a lens corrected for aberration for a 
zone which is a constant fraction of the full aperture 
obtainable. For objectives of the usual type this zone is 
very approximately the one that would be selected for 
correction to obtain the most favourable balance between 
first and second order aberrations. It follows that objec- 
tives calculated from first order formulae in which thick- 
nesses are neglected do not require trigonometrical veri- 
fication or correction unless the conditions are very 
abnormal. 

Discussion. 

Prof. J. W. Nicholson said that the author had brought 
out an important point in this paper. There was an idea 
prevalent in many quartets that the thin lens was simply 
an abstraction of no practical importance, but apparently 
this was by no means the case. He had been familiar in 
a general way with this compensation of first and second 
order aberrations, but had never seen it mentioned in any 
publication. Were there any convenient circumstances in 
which both coma and spherical aberration are s mul- 
taneously compensated for the same aperture ? 

Prof. C. H. Lees asked how the magnitude of the 
residual aberration or the shape of the aberration curve 
altered when the zone of correction was altered by 
changing the index of the crown glass. 

The Author, in reply to Prof. Nicholson, said he had not 
worked out numerical cases for coma, though tbe formula 
were quite simple. In practice, it is usually found that in 
the absence of spherical aberration if the coma is approxi- 
| mately corrected the resplt is satisfactory. He bad no 
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doubt, however, that with triple objectivea both coma and 
spherical aberration could be compensated for the same 
aperture. In reply to the President, generally speaking, 
w»th very low indices ol the crown the second order 
aberration is large, while with indices nearer the dint it is 
smaller. The ratio of extreme cases might be about 
5 to 1. 

A paper, entitled 44 A Suggestion as to the Origin 0} 
Spectral Series " was read by Dr. H. Stanley Allen. 

The note gives a development of an idea put forward in 
an earlier paper, describing an atomic model with a 
magnetic core. It is sssumed that the principle of the 
constancy of angular momentum may be applied to the 
total angolar momentum of the electron, and a certain 
part of the core bearing a special relation to the electron. 
On the lines of Bohr's theory this leads to an expression 
lor the oscillation frequency, which is similar to Rydberg's 
formula, and contains a constant which is the same for 
all elements. The 44 phase ” m of a 44 sequence ” is regarded 
as proportional to the angular momentum of a definite 
portion of the core. In observed series the phases of the 
two sequences are not equal to one another ; consequently, 
whatever interpretation be given to the phase, the two 
types of state concerned must be in some way different 
from one another. When the magnetic field ot the core 
is taken into account, a formula is obtained which is 
identical with that of R'tz. An explanation of the series 
of enhanced lines in spark spectra is also suggested. 

Discussion. 

Prof. J. W. Nicholson thought the fundamental 
assumption in the paDer seemed a natural one. Bohr's 
theory, in the case of hydrogen, assumed ’be angolar 
momentum to be proportional to the integers in Balmer’s 
series. In the case of more complex atoms we were com- 
pelled to assume that r + /A is the quantity to which the 
angular momentum is proportional. To consider the extra 
angular momentum to be attached to the nucleus is. of 
course, another assumption. It is equivalent to attaching 
a physical significance to tubes of force, which Sir J. J. 
Thomson has always tried to do. An interesting feature 
of the theory was that it gave the series of enhanced lines 
of spark spectra, and the physical interpretation of A -*2, 
via., that these are due to atoms with another electron 
torn off, seemed very feasible. As was pointed out in the 
paper, any theory involving stationary states must allow 
for different types of stationary state — different values 
of pi and pi. The considerations by which Rutherford 
deduced the smallness of the nucleus were founded on 
the mathematical work of Darwin, and on the assumption 
that [tht nucleus is wholly electrical are faultless. The 
fact that the nucleus might be magnetic was pointed out 
by Hicks, wbo showed that the scattering of a-particles by 
atoms might be accounted for by magnetons rather than 
electrons. 

Prof. G. W. O. H nvE asked what was the reason for 
applying the word 44 phase " to p. To an electrician phase 
had a very different meaning. What was the significance 
of the initial equations with which the paper started out ? 

Prof. Lees asked if the atom suggested by Dr. Allen 
would give the same scattering effects as bad been experi- 
mentally found ? 

The Author, in reply, said the term M phase ” was due 
to Rydberg, and was introduced before the Quantum 
Theory was evolved. He did not know why the term bad 
been selected. He was afraid he could not answer Prof. 
Howe's second question. These equations were funda- 
mental to the Quantum Theory, and to understand them 
folly one would have to know all about Quanta and tbe 
constitution of matter. With regard to the scattering of 
e-particles, he thought it was p 3 *sihle to explain this as 
done by Hicks, if we take into account the magnetic 
action of tbe core. Of comae, tbe electric action is also 
there, and has to be taken into account as well. The 
results of experiments on scattering do not preclude the 
introduction of magnetic forces. 


CHEMICAL SOCIETY. 

Ordinary Muting , February 7, tgiS. 

Prof. W. J. Pope, C.B.E., F.R.S., President, 
in the Chair. 

Reference was made to the loss sustained by the 
Society, through death, of the following Fellows 
Richard Lilburn Barnes, John Forbes Bell, and John 
Scudamore Sellon. 

Certificates were read for the first time in favour of 
Thomas Thompson Best, Ph.D., 14 Woodleigh," Laurel 
Road, St. Helens ; Rudolph Isaac Blackburn, B.A., 
B.Sc., 8, Dunlace Road, Clapton, E. 5 ; Cyril Bride, 
B.A., B.Sc., 86, Ridgeway, Edgbaston, Birmingham; 
Prof. Giuseppe Bruni, Corso Buenos Ayres, 55, Milan ; 
Colin Campbell, M.Sc., 45, Heywocd Street, Alexandra 
Park, Manchester ; John George Clarke. M.A., B.Sc., ta, 
Rhodesia Road, Leytonatone. E. 11 ; Frederick Charles 
Duggleby, 87, Loughborough Park, Brtxton, S.W. 9 ; 
Francis John Dymond, B.Sc., 6, Lockyer Street, Ply- 
mouth ; Owen Charles Edwards, B.Sc., 46, Saxon Road, 
Faversham ; Thomas Greethatn, Finch Villa, Millom, 
Cumberland ; Henry Francis Everard Hulton, F.I.C., 15, 
Oakhill Court, East Putney, S.W. 15 ; Julius Jung, 14, 
Bsncroft Road. E. x ; Benjamin Llewellyn, M.Sc., Lt., 
A.O.D., ix, St. Silas Street, Ardwick, Manchester; 
William Alexander Montagu. Lt. H.L.I., 7, Garturk 
Street, Crossbill, Glasgow ; Harry Singer, 147, Upper 
Clapton Road, E. 5 ; Maurice Smith, J.P., care of Messrs. 
Cuxsom, Gerard, and Co., Ltd., Oldbury ; Stephen Veitch 
Telfer, M.B., Cb.B., 533, Crossbill Road, Crossbill, 
Glasgow ; Walter Arthur Voss, 44 Fairlight Glen," East- 
wood Road, Ra>lcigh, Essex ; Harry William Webb, 
M.Sc., 29, South Road, Smethwick. B.O., Staffs. ; 
James Wood, M.A., B.Sc., care of Research Depart- 
ment, C.W.S., 109, Corporation Street, Manchester. 

The following papers were read 

44 Some Inorganic Stannichlorides. ’ By J. G. F. 
Drucb. 

“A Reinvest igation of the Cellulose— Dextrose Relation- 
ship." By Miss M. Cunningham. 

44 Espsrto-cellulose and tbe Problem of Constitution." 
By C. F. Cross and E. J. Bevan. 


Extract from the Report oj Council , 1917-1918. 

The Council are gratified to report a substantial in- 
crease in the number of Fellows during the past year. On 
December 31, 1916, tbe number of Fellows was 319S. 
During 1917, 162 Fellows were elected, and 9 reinstated, 
making a gross total of 3369. The Society has lost 39 
Fellows by death, 13 have resigned, tbe elections ot 2 
have been declared void, and 45 have been removed under 
the action of By-law IV. for non payment of annual sub- 
scriptions. Tbe net total number of Fellows, therefore, 
as at December 31, 1917, was 3270, showing an increase 
of 72. During 1916 there was a decrease in membership 
of 5. 

The hearty congratulations of the Society are offered 
to Sir William Crookes, Past -President, elected a Fellow 
on December 3. 1857, and to Mr. John Frederick Davis, 
elected December 17, 1857, who have now been Fellows 
for over sixty years. 


Heat Conductivity in Fire Bricks.— As a test of 
friability in fire bricks a sample after manufacture heated 
to a red heat and cooled to 200 C. externally, and an 
approximate internal temperatuie of 51 u C . may be 
buried in sawdust, when the temperature during slow 
combustion of tbe latter rises to a red-heat in the latter a 
good brick, on taking out after cooling, should not be 
friable.— J. C. Thomlinson, B.Sc. 
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MEETINGS FOR THE WEEK. 


Appointment.— Dr. Sophie Bryant was appointed a 
Life Governor of the Brest Northern Central Hospital by 
the Committee of Management on Thursday, March 7, 
1918. 

Tin and Tungsten Research Board.— As the out 
come of a Conference held on November 7, 1917, at which 
there were present representatives of the Committee of the 
Privy Council for Scientific and Industrial Research of the 
Department for the Development of Mineral Resources, 
and many of the Land and Mine-owners of Cornwall, a 
fond for research has been raised, and a Research Board 
has been appointed by the Committee of the Privy Council 
consisting of — 

Sir Lionel Phillips, Bart. (Chairman). 

Mr. John G. Gilbert, . Cornish Chamber of Mines. 

Sir Frank Heath, K.C.B., Department of Scientific and 
Industrial Research. 

Sir Thomas Kirke Rose, Chairman of the Research 
Committee of the Board. 

Mr. Edgar Taylor, Institution of Mining and Metal- 
lurgy. 

Mr. R. Arthur Thomas, Cornish Chamber of Mines. 

Sir Richard Tbrelfall, K.B.E., F.R.S., Advisory Council 
for Scientific and Industrial Research. 

With Mr. A. Richardson as Secretary (15, Great George 
Street, Westminster, S.W. 1). 

The Board after consultation with their Research Com- 
mittee have authorised extended lines of research with a 
view to increasing the recovery of metal in the treatment 
of ores. 

Educational Lectures for Wounded and Con- 
valescent Soldiers. — Some weeks ago several wounded 
men at the Great Northern Central Hospital made up their 
minds to organise lectures on Educational subjects, chiefly 
technical. Private Mallet, who, before volunteering early 
in 1915, wae a student in training as a teacher of handi- 
craft at the L.C.C., Shoreditch Technical Institute, 
approached on behalf of these men the Hospital authorities, 
and through Principal S. Hicks some members of the 
Staff of the Institute. At a meeting held at the Hospital 
the men stated very clearly what they feel they need. 
Some few want books and guidance in taking up again 
and continuing their pre-war studies in such subjects as 
Industrial Chemistry, Mathematics, Accountancy, Educa- 
tion, &c. Some asked for one or two lectures on Garden- 
ing or Agriculture ; others are anxious to know something 
of the training that might be given them in Boot Making, 
Cabinet Making, Wood-carving, Picture-frame Making, 
Bookbinding, &c. Many are interested in commercial 
work, others in architecture, while some ask for guidance 
in the study of English literature. Mr. Harris, Chief 
Librarian at the Islington Central Library, has kindly 
offered his services and expert advice in supplying standard 
technical books on loan to soldiers, and a course of 
lectures on many of the above subjects will be begun at 
once. Mr. P. A. Wells, Head of the Cabinet Making De- 
partment of L.C.C. Shoreditch Technical Institute, com- 
mence the series by giving a lantern lecture on 11 Furniture” 
on Friday, March 8. The Principal of the Institute will 

S 've a lecture on the u Fisher Education Bill and the Need 
r Technical Teachers.” Whenever possible the speakers 
will be men who have had experience as practical crafts- 
men or teachers or both, and they will be able to answer 
the very relevant questions the soldiers have to ask. The 
authorities of the Great Northern Central Hospital are 
inviting to these lectures soldier out patients, discharged 
men, and convalescent soldiers from other hospitals. Mr. 
A. Rowan, Normal Master, Training of Teachers Depart- 
ment, L.C.C. Shoreditch Technical Institute, has volun- 
teered his services as adviser in connection with educational 
and allied occupations. 


Tuasnav, igth.— Reyal Institution. 3. M Tbn Climatic Adaptation 
of Black and White Man/' bv Dr. Leonard Hill. 

Institution of Petroleum Technologists, 8. “ The 

Russian Petroleum Industry and its Prospects," by 
D. Ghambashidze. 

Wednesday, 20th.— Royal Society of Arts, 4.30. "Agricultural 
Machinery," by F. S. Courtney. 

Thursday, list.— Royal Institution, 3. “ War Music — Past and Pre- 
sent," by Sir Alexander Mackenzie. 

Friday, 22nd. — Royal Institution, 5.30. " Radiation from System of 

Electrons," by Prof. Sir J. J. Thomson, O.M. 
Saturday, 23rd.— Royal Institution, 3. " Problems in Atomic Struc- 
ture," by Sir J. J. Thomson. 


'J'O comply with Regulation 8 (6) of the Defence oi tbs Realm 
Act, advertisements from firms whose business consists 
wholly or mainly in Engineering, Shipbuilding, or the production 
of Munitiona of War, or of substances required for tbs production 
thereof, must include the words " No person resident more then 
ten miles swey or already engaged on Government work will be 
engaged." 


A nalytical Chemist (Food) wanted for London 

** (male or female).— Apply to L. MacQueen Douglas, 99, West 


Ssvile Terrace, Edinburgh. 


Ohemist (Analytical and Metallurgical) with 

^ Works experience requires Post.— Address, P. B., Chemical 
News Office, 16, Newcastle Street, Farringdon Street, London, E.C. 4. 


Ohemists (Men or Women) wanted, with 

^ University Degree or its equivalent, for so Explosives Factory 
in 'he South of England.— Box 826, Leatbwait and Simmons, 5, 
Birchin Lane, E.C. 3. 


\X70MEN ANALYTICAL CHEMISTS re- 

* V quired at salary of £150 per annum in Government Depart- 
ment in South of England. Annual and Sick Leave allowed. Other 
Women Chemists employed. Salary to be increased to £173 per 
annum at end of six months if services are found to be satisfactory — 
Address, C. W., Chemical News Office, 16, Newcastle Street, Far- 
ringdon Street, London, E.C. 4. 


CITY AND GUILD '! TECHNICAL COLLEGE, 
FINSBURY. 

DEMONSTRATOR IN APPLIED CHEMISTRY. 


'T'he above appointment under the City and 

Guilds of London Institute is vacant. Salary £160. — Applica- 
tions, stating qualifications, should be addressed to Prof. G. T. 
Morgan, DSc., F.R.S. A copy 01 the terms and conditions attached 
to the appointment may be obtained on application to the Acting 
Registrar, City and Guilds Technical College, Leonard Street, Fins- 
bury, E.C. 2. 


PORTSMOUTH EDUCATION COMMITTEE 

(HIGHER RDUOATIOH). 

PORTSMOUTH MUNICIPAL COLLEGE. 
CHEMISTRY AND NATURAL SCIENCE DEPARTMENT. 


W“'i 


Graduate (man or woman) with 

qualifications in Natural Science (especially Hygiene), 
Physiology, Nature Studv, and Botany. Experience in Training 
College work a recommendation. 

Salary, non-resident, £130 to £200, according to qualifications and 
experience. 

Further particulars and Application Forms may be obtained by 
forwarding stamped addressed foolscap envelope to the Secretary 
to the Committee, at the Municipal College, Portsmouth. 


T TVRFR Me fill I td Obeinlsal Works, 

a I TnUI ft UUsjL . lT BATfOlP, LOBDOI, B. 

0HBHI01LS for Analysis, Rnsoaroh, and Toshnlsal par poets. 
TB0HI10AL HXPMlMHTf carried oat 


on a MAIUFA0TURI80 80 ALB. 

Inquiries solicited from INVENTORS aid PATENTEES (especial ly 
Foreign) under the New Act, xqo6 . 
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A NEW METHOD OF DETERMINING COPPER. 

By |AMES MOIK. 

The object of the author in inventing this process was to 
find a method of doing without the large quantities of the 
e x nemo ve potassium iodide required in the ordinary 
accurate process for copper. For example, if high 
accuracy is required in determining the true percentage of 
copper in a 41 pure ” copper, about 4 gr. of the metal must 
he taken, involving the use of about 30 grms. of KI and 
16 grms. of crystallised thiosulphate. 

Now. if the equations concerned in the ordinary process 
be studied, it will be seen that the net result of the addi 
tion of iodide and thiosulphate to cupric acetate is to pro- 
duce an insoluble cuprous salt along with a soluble 
tetrathionate. 

1. CuAi + aKI - Cul 4-2KA + $I a . 

2 . JIj+Na^Oj-Nal + iNaaS^e. 

The net resujt is as if the equations were — 

3. CuA*+ KI + Na a S a 0 3 * Cul + K A + Na \ -f JN^S 4 06 . 

It therefore struck me that the simple direct reaction 
between cupric salts and sodium thiosulphate would be 
worth reinvestigating. Now, a number of double copper 
sodium thiosulphates were described by German authors 
thirty or forty years ago, but it is probable that the 
whole of this work is wrong, and that the substances 
obtained were really tetrathionates and not thiosulphates. 

When equimolecular solutions of copper acetate (or 
copper sulphate in presence of acetic acid and sodium 
acetate) and sodium thiosulphate are mixed, the mixture 
is greenish yellow, and, in my opinion, consists mainly of 
soluble cuprous tetrathionate, but also contains a propor- 
tion of unchanged cupric thiosulphate — 

4. CuAa+ Na a Sa 0 3 =■ CuSaO^'aNaA. 

5. aCuSaOj" CuaS 4 r 'o '• 

(Balanced reaction between cupric thiosulphate and cuprous 
tetrathionate). 

Equation 3 is perhaps more intelligible with separate 
ions. 

6. Cu f Cu + Sa 0 3 " + SaOj” » Cu f Cu +- S 4 06 ". 

The action being a balanced one is not suitable per se 
for an analytical process ; nevertheless, it was obvious 
that the success of the old iodide method depended on the 
almost complete insolubility of the cuprous salt produced, 
else the above balanced reaction would occur. This was 
confirmed on trying to replace iodide with bromide or 
chloride (the cut rou * salts of which are faitly insoluble), 
when it was found that the reaction was incomplete. 
However, on trying tulphocyanide (thiocyanate) as a sub- 
stitute for iodide success was obtained. The above 
balanced teaction then goes entirely in the direction of 
cuprous tetrathionate because the cuprous ion is removed 
as insoluble CuSCN as fast as it is formed, and on fiitra 
non a colourless solution containing only Na 2 S 4 06 and 
excess KSCN and Na 4 S a Oj is obtained, in which u ider 
special conditions the latter can be estimated with iodine 
even in the presence of '-ulphocyanide. 

The analytical pioce-1* suggested is therefore as follows : 
-Dissolve the weighed specimen in HNO ; , and get it 
into the condition of very faintly acid cupric acetate, cither 
by the old methods or by the quick process which 1 describe 
farther on. Add a single excess of thiosulphate in known 


quantity (1 grm. copper requires 3*904 grms. crystallised 
thiosulphate, or about 158 cc. of “N/io thiosulphate **), 
and (immediately) a sufficient excess of potassium sulpbo- 
cyanide (equal to, say, ljf grms. per grm. of copper). 
The white precipitate of CuSCN has then to be filtered 
off, roughly washed, and rejected. Since it goes through 
every known variety of filter-paper, and since the solution 
cannot be heated (else the trace of acetic acid would act 
on the excess thiosulphate) it is necessary to add a quantity 
of pulped filter-paper before attempting to filter ; (this it 
made by boiling a loose-texture filter-paper in dilute caustic 
soda until disintegrated and neutralising with acetic acid) ; 
on filtering, about 5 cc. will come through turbid before 
the pulp chokes the pores of the paper, after which a clear 
filtrate is obtained. As there is very little excess tbiosuU 
pbate in this filtrate, any elaborate washing of the CuSCN 
precipitate is a waste of time. 

To finish the analysis, the filtrate is first dilated to about 
a litre, and then treated with 5 to 10 cc. concentrated pore 
H a S0 4 (do not use HC 1 which, in this country, owing to 
bright sunlight, always contains free chlorine) and a little 
starch solution, and titrated back with N 10 iodine, only a 
small quantity being required it the directions about thio- 
sulphate have been followed. The calculation is mtrely— 

Cc. true N/10 thiosulphate at beginning -cc. N/10 iodine 

- I 5 T 3 

* copper present (in grma.), assuming 63*6 for its atomic 
weight. The filtrate must not be titrated with iodine 
without the high dilution and the mineral acid, otherwisa 
iodine is absorbed by the excess KSCN present. Iodine 
does not apparently attack dilute HSCN. 

If the approximate percentage of copper in the speci- 
men is totally unknown, the experiment most be done 
twice — (1) on a small specimen (0*1 grm.) using 16 cc. of 
44 N/10 thiosulphate *• ; (a) repeating using thiosulphate 
equal to ( t4 thiosulphate ” minus iodine) of the first experi- 
ment. Thus if experiment (t) used 2*5 cc. iodine at the 
end, the ccrrect 44 thiosulphate ”f or experiment (a) is at 
the rate of 135 cc. per grm. of material. This means that 
the method gives high results for copper (10a to 105 per 
cent of the truth) when a large excess of 44 thiosulphate ” 
has been used, but is sha.ply accurate when the “thiosul- 
phate ” is just in excess. 

If great accurscy is required, a or 3 grms. of specimen 
most be taken, in which case it is better to weigh out the 
thiosulphate required (see above). This is because 400 cc. 
of thiosulphate solution would have to be taken, and the 
factor of any thiosulphate solution is not generally known 
within 1 part in 500, besides being variable with tempera- 
ture. The following is a description of some of my results 
with the method : — 

1. Analysis of CuS 0 4 .$H a 0 . — 0*2500 gTm. in water 
treated with sodium acetate and two drops HA, then with 
12*19 cc. “ N/10 thiosulphate ” of factor 0*985 - 12*01 cc. 
true N/10 thiosulphate. At the end the diluted acid 
filtrate required 1*99 cc. N/10 iodine; the quantity of 
copper is — 

I2 ~° I ~ 1 9 9 — 0*0637 grm. (Theory 0*0636.) 

2. 44 Pure n Copper (99 6 per cent by Iodide Method.— 
0*1280 grm. dissolved ; preliminary trial with 25 cc. thio- 
sulphate used 4*4 iodine (and Cu « 102 per cent !). Second 
trial with 20 6 thiosulphate (corrected) used 0*54 iodine, — 

~ 2o- 06 x 100 

Cu - 997 per cent. 

157 3 xo 128 

Third trial with 20 5 thiosulphate used 0*40 iodine ; 
Cu-<)0 ^5. These discrepancies are due solely to the 
smallness of sample taken, when one drop of reagent 
makes a difference of | per cent in the result for copper. 
1: 1 grm. sample had been taken, an accuracy of 0*03 per 
cent per drop could have Bfeen expected. 

3. Electrolytic Copper ( over 99 9 per cent). — 01 803 grm. 
dissolved ; 29*3 cc. thiosulphate and 0*7 iodme used 
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in fit st trial (Co - 1007 per cent). In the second trial 28*60 1 
thiosulphate (corrected) and 0*25 iodine ; 28*35 difference 
or Cu — 99*9 per cent. 

4. Copper- Nickel-Tin-Lead Alloy .— After preliminary 
trial, 24*66 cc. (corrected) thiosulphate used for 0*2315 
sample ; iodine used 0*78 .*. Cti-65 6 per cent. In this 
case the foreign metals were not separated and did not 
interfere, as Prof. Stanley's analysis of this sample by 
standard methods gave Cu-65‘8 per cent. 

Owing to the nature of my process scarcely any of the 
common metals (except iron) interferes. Only such metals 
could interfere as are capable of being reduced from their 
— ic condition to their -our condition by dilute thiosul- 
phate, the — ous condition being then not oxidisable by 
iodine ; so far as I can see, iron is the only metal which 
fulfils such conditions. 

The quick process mentioned above for getting the dis- 
solved metal or ore into a condition for determining the 
copper depends on the little appreciated fact that nitric 
acid is not an oxidising agent if nitrous acid is removed 
from it. According to the ionic theory, dilute pur* nitric 
acid consists only of the ions H' and NO3', the latter of 
which has no tendency to part with its oxygen unless a 
strong reducing agent is added. 

The metal or ore is dissolved in a covered vessel with 
concintrated HN0 3 ; the solution is agitated for a minute 
or two to get rid of as much dissolved NO* as possible, 
diluted to 20 cc., and treated with $ grm. of urea (carb- 
amide). After the effervescence has stopped the mixture 
is diluted to 50 ccfl and boiled for fifteen seconds. 
Thereon caustic soda is added to near neutrality, followed 
by 2 or 3 grms. of solid sodium acetate. 

The analysis can then be proceeded with. The destruc- 
tion of the nitrous acid is explained by the equation : — 

CH 4 ON a (urea) + 2HNO a - CO a + 2N a + 3H a O. 

— Journal of th * Chemical , Metallurgical , and Mining 
Society of Sonth Africa , xviii., No. 5. 


THE COST OF COAL.* 

A Summary of the various Elements which 
Determine it. 

By GEO. OTIS SMITH and C. 12 . LESHER 
(United States Geological Survey). 

The price of coal is a matter of vital concern to the 
average citizen. No less important, however, is the 
question what our coal actually costs to produce, and the 
interest in this subject is typical of the popular interest in 
the large productive enterprises of the country. As citizens 
we recognise the consumer's dependence upon the pro- 
ducer, and are taking advanced ground as to their relative 
rights. In few industries does this dependence seem more 
vital or the consumer’s equity appear larger than in that 
of producing and selling coal. The per capita annual 
expenditure for the useful metals is roughly equivalent to 
that for coal, but few citizens purchase pig iron or bar 
copper, whereas of the urban population only the dwellers 
in apartments, boarding houses, and hotels are spared the 
necessity of buying coal. The consumption of coal in the 
United States for heating and cooking is between z and ij 
tons per capita. A careful estimate for 1915 is x*i tons, 
which happens to be identical with the figure determined 
for similar consumption in Great Britain in 1898. This 
non-industrial consumption is greatest in cities, and in this 
city of Chicago, in 1912, it was nearly 2 tons. Of course 
every citizen indirectly pays for his share of the total con- 
sumption, which last year amounted to 4 6 tons per capita. 

In discussing costs, however, we do not overlook the 
|00 evident fact that at times price may far outstrip cost. 

* A paper read before the American Mining Congress, Chicago, 
November 14, 1916. From iheSacntific American Supplement, lxxxv., 
No. 2192. 


The price of coal depends upon the balance between 
necessity (or fuel on the one hand and ability to produce 
and to deliver on the other ; the ability to produce is in 
torn controlled by the labour available and the ability to 
deliver is dependent upon car supply. Increased foreign 
demand for American coal, large industrial consumption, 
unusual weather — all may have great influence on the 
current price of coal, but none of these is to be considered 
a factor in the actual cost of production, except so far as 
it causes irregularity in operating expenses and promotes a 
decrease in efficiency of mine labour. To-day high prices 
are being received for coal by those who are able to pro- 
duce and deliver more than their outstanding contracts 
require. In other words, a few traders may be able and 
willing to capitalise the urgent necessity of the consumer 
and their own ability to deliver. 

Four general items of cost must be considered as 
normally controlling the price of coal to the consumer — 
resource cost, mining cost, transportation cost, and 
marketing cost. Under usual conditions each of these 
items includes a margin of profit which may seem either 
excessive or inadequate according to your point of view. 
Yet an unbiased consideration of these cost items is abso- 
lutely essential as a preliminary to the decision by the public 
whether we are buying coal at a fair price, and if not why 
not. As long as it is the popular view that the price of 
coal is made up of one part each of mining costs and 
freight costs to two parts each of operator's profits and 
railroad dividends, with the cost of a certain amount of 
needless waste on the side, the demand for investigation 
will continue, and in so far as there is any element of truth 
in this view legislative action is justified, even though the 
prescribed reform may approach the extreme of public 
ownership and operation of mines and railroads. 

As the initial item of cost, the amount charged against 
the marketed product as the value of the coal in the 
ground, which for brevity may be termed the resource 
cost, is perhaps the item most often overlooked by the 
coal consumer, and for this reason that phase of the subject 
will be fully considered after the other items are treated. 
These other items need less discussion in this paper for 
several reasons— the item of marketing cost is one that can 
be brought directly under observation by the consumer if 
he will but study the matter intelligently ; the transporta- 
tion cost can be learned by simple inquiry, and its control 
lies within the province of the Interstate Commerce Com- 
mission, and the details of mining cost can best be set 
forth by the mine operators themselves, for they have now 
adopted the policy of free discussion of these matters, 
which they once regarded as sacred from public view. The 
purpose of this paper then is simply to give a summary 
statement of all these elements in the cost of coal, and 
some special discussion of the resource cost. 

The item of cost first to be considered represents that 
part of the value given to the ton of coal by the mine 
operator and the mine worker. This may be termed 
mining cost, but it must include the operator’s selling costs 
and other overhead expenses as well as the mining costs 
proper, which include the larger expenditures for wages, 
supplies, and power. The cost plus the resource cost — 
the royalty or depletion charge — and the profit or loss on 
the sale make up the value at the mine mouth. The 
mining cost varies not only between mines of different 
companies in separated fields, but even between adjacent 
mines of the same company in the same field. Both 
nature and man contribute to such variation. 

It is not practicable to assign a veiy exact figure to the 
mining cost — the census of 1909 indicated an average of 
1 dol. a ton for bituminous coal and 1.86 dol. for anthra- 
cite, but these figures are believed by some operators to 
be too low. It is possible, however, to show in a general 
way the distribution of this item ; the cost of mining is 
divided between labour, 70 to 75 per cent ; material, 16 to 
20 per cent ; general expense at mine and office and 
insurance, 2 to 4 per cent ; taxes, less than 1 per cent to 
I 3 per cent for bituminous coal, and 3 to 7 per cent for 
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anthracite ; Belling expenses, nothing to 5 per cent, and 
recently to these items has been added the direct and 
indirect cost of workmen's compensation, which may 
reach 5 per cent for bituminous coal. The charges for 
labour, material, and general office expenses are easily 
understood, as is also a charge for depreciation of plant 
and machinery; but taxes and selling expenses are im- 
portant items that may be overlooked by the casual 
observer. Some figures recently published show that the 
taxes levied in West Virginia last year on coal lands and 
coal-mine improvements— that is, on the industry as a 
whole — were equivalent to nearly 3 cents net per net ton 
of coal produced, which is doubtless fully as much as the 
profit made by the operators in that State. 

The cost of selling coal is nothing for the companies 
that use their own product, including the Steel Corporation 
and a large number of others, and is little or nothing for 
the producers who sell nearly all their coal to such large 
consumers as the railroads. Companies that produce coal 
for domestic use and the general run of steam trade must 
figure on a selling cost as high as 10 cents or more per ton, 
the cost depending on the extent of their business. The 
average selling cost for bituminous coal is probably 5 to 10 
cents a ton, and for anthracite the usual charge of sales 
agencies is reported as 10 cents a ton for steam sizes and 
15 cents for the prepared sizes. 

The producers of coal and the transportation companies 
are concerned not so much with the actual rates charged 
for carrying coal as with the adjustment of rates between 
different coal fields and between different markets. In the 
many years in which our coal industry has been developing 
rate structures have been built up that give to this and 
that producing district differentials over other districts — 
** handicaps," as it were — that may be based on compara- 
tive lengths of haul or on the ability of the coals to com- 
pete by reason of difference in quality or in cost of mining, 
or perhaps may be merely the survival of past practice, 
for which no reason now exists. The consumer of coal, 
however, is interested in the actual rather than the relative 
freight rate. 

To help towards a realisation of the magnitude of this 
transportation item it may be pointed out, first, that all 
but 14 per cent of the output of the country's coal mines, 
aggregating 53a million tons, is moved to market by rail 
or water, and, second, that nearly half of the bituminous 
coal (47 per cent in 191$) and more than two- thirds of the 
anthracite (71 per cent in 1915) is shipped outside of the 
States in which it is produced. 

Add to this statement of the extent to which coal enters 
interstate commerce a glance at the distribution of centres 
of maximum production and maximum consumption — the 
New York Baltimore industrial zone, which has a total 
per capita consumption of nearly 10 tons and lies 100 to 
400 miles from the tributary coal fields ; New England, 
consuming about 7 tons to the unit of population and 
lying 400 to 800 miles from its coal supply ; or the populous 
industrial district of which Chicago is the commercial 
ceotra, consuming 8 or 9 tons per capita of coal, in part 
hauled more than 400 miles from the fields of West 
Virginia and eastern Kentucky and in part 200 miles or 
leas from the Illinois mines. With these facts in mind we 
most realise that the transportation cost is necessarily a 
large part of the country's fuel bill. 

In the interstate traffic, both rail and water, bituminous 
cool probably pays an average freight of nearly 2 dols. per 
ton. In other words, the transportation costs more than 
the product, and, as some parts of the country are just now 
learning, is sometimes more difficult to obtain. The value 
of coal, like the value of so many other commodities, is a 
place value. 

The average freight charge on anthracite is higher than 
that on bituminous coal, first because the rates are higher, 
and second because, according to the reports of the Inter- 
state Commerce Commission, all movement considered, 
the coal is carried a greater distance. 

The cost of handling the coal, exclusive of freight, from 


the time it leaves the producer until it is in the consumer’s 
fuel bin, may be termed the marketing cost. It can readily 
be seen that a large part of the coal produced is not subject 
to this cost, for most large users of steam coal, such as 
the railroads and the coke manufacturers, place contracts 
directly with the producing companies or their selling 
agencies and buy in the open market only when their 
needs exceed the deliveries under their contracts. Much 
of the coal, however, both anthracite and bitumioous, 
passes through the bands of a wholesale dealer or jobber 
before it is received by the retail dealer, who puts it in 
our cellars or in the bins of a power plant. Coal that 
gets a long way from the mine may pass through many 
bands before it reaches the consumer, and it not only 
pays commissions all along the line, but is subject to 
shrinkage and deterioration, both of which enter into the 
final selling price to the consumer. Brokers are usually 
satisfied to make a gross profit of perhaps xo cents a ton, 
but ss seveial brokers may make a “ turnover " on the same 
car before it is unloaded this element of cost may be 
several times that amount. 

About half of the anthracite and around 15 per cent of 
the bituminous coal is retailed in less than carload lots, 
and the greater number of individuals are directly con- 
cerned in the marketing of this portion, regarding the 
profits on which there is the widest divergence of opinion. 
The margin in the retail business between cost on cars 
and price delivered is between 1.25 dols. and 2 dols. a ton, 
and is not more then enough to give on the average a fair 
profit. The shrinkage and in part the deterioration are 
together seldom less than z per cent of the weight, and 
may exceed 4 per cent, and the retail dealer also must pro- 
vide in his selliog price for uncollectable accounts. 

Advertising is a large expense— in part carried by the 
retailer directly, but all borne by the industry. The largest 
single item in the cost of retailing is of course that repre- 
senting the labour of handling and the local cartage, 
which together make up about half the marketing 
cost. 

There now remains to be considered the first major 
item, or the resource cost, which is what the operator has 
to pay for the cosl in the ground — the idle resource, which 
he starts on its career of usefulness. This cost Is expressed 
as a royalty or a depletion charge. 

One of the latest leases by a large coal-land owner pro- 
vides for the payment of 27 per cent of the selling pvice 
of the coal at the breaker. This percentage is therefore 
not only e royalty figured on the mineral resource, but 
also a commission based on the miner's wage. To bring 
this tight home to you and to me, it may be said that the 
practical result is that if the anthracite we born in our 
range this winter happens to come from that particular 
property, we will pay fully 1 dol. a ton into the treasury 
of the city trust that owes its existence to the far-seeing 
business sense of a hard-headed citisen of Philadelphia. 
Whether such a royalty is excessive or not the fact remains 
that this is the tribute paid to private ownership. 

The present average rate of royalty on anthracite is pro- 
bably between 32 and 35 cents a ton on all sizes, which is 
from 12 to 14 per cent of the selling value at the mine. 
The minimum rate (about 10 per cent) is found in some old 
leases, and the maximum (20 to 27 per cent) in leases 
made in the last five years. R. V. Norris states that in 
the late sixties, when the annual output of anthracite was 
around 15.000,000 tons, royalties were 8 to 10 cents a ton 
on prepared sizes, but that no charge was made on 
the smaller sizes. In the seventies the rate rose to 25 
cents on prepared, one-half that on pea, and one-fourth on 
smaller sizes. By ihe middle eighties, when the output 
was a third what it is now, the rate was about double that 
of the seventies — that is, 40 to 50 cents on the larger sizes 
and 5 to 10 cents on the smaller sizes. The tendency is 
still upward by reason of increases in the rates for inter- 
mediate sizes, and the operation of royalty rates, based 
on a percentage of the selling value, an increasing quantity. 
Figured on the output from the Oitard lands, which is 
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nearly 3 per cent of the total production, the gross return 
to the estate from its coal lands is over 50 cents a ton. 

Nor is the increase in value of anthracite lands any less 
striking. At the beginning of the last century, as stated 
by Mr. Norris, the great bulk of these lands were patented 
by the State of Pennsylvania for 2 dols. to 4 dole, an acre ; 
in the middle of the century the price of the best land 
rose to 50 dole., and in 1875 even to 500 dols. Now 3000 
dole, an acre has been paid for virgin coal land, and little 
is on the market at that. In considering these increases 
in land values the effect of interest and taxes must not be 
overlooked. 

The bituminous coal industry is a modern institution 
compared with the mining of anthracite, and much of the 
bituminous coal land was acquired by the operating com- 
panies during the last twenty years for little it anything 
more than its surface value. To-day there are large ateas 
of bituminous coal-bearing lands that because they are 
undeveloped and without tailroads can be purchased at a 
low price, but little or no anthracite land is on the market, 
and little has changed hands for years. The present 
average resource cost of bituminous coal is not much over 
5 cents a ton, or about 4 per cent of the average selling 
value at the mine. In the Pocahontas region and the 
Pittsburgh district the royalties are much higher, but these, 
like others that might be cited, are exceptions — one due to 
coal of special quality, and the other to location- factors 
which, incidentally, are exactly those that have assisted in 
making the resource cost of anthracite what it is. 

Should you be interested in summing up all these various 
costs and striking a balance ‘between labour’s share and 
capital’s return you would find that the mine worker, the 
trainman, and the wagon driver together receive fully hall 
of the price of the anthracite delivered at your house, and 
the same three classes of labour receive not less than half 
the price paid by the average consumer for the cheaper 
soft coal. In a similar manner the average return on the 
capital invested in land, mining plant, railroads, and coal 
yard may be roughly calculated, with the result that land- 
lord, bondholder, and stockholder of coal company and 
railroad together receive about 1.15 dols. from the ton of 
anthracite, and only 50 to 75 cents from the ton of 
bituminous coal, and of eithe; of these amounts the mine 
operator’s share is only a small fraction. 

It is not the purpose of this analysis of costs to offer 
any cure-all for the high price of coal, yet some comment 
on the facts presented may possess value. At least ceroin 
lines of approach can be pointed out as not very promising. 
For example, anyone who is at all cognisant of the trend 
in price of labour and material can see little hope of 
relief in lower costs for these items. Furthermore, obser- 
vation of the advances made in mining methods in the 
last decade or two affords slight warrant for belief in any 
charge of wasteful operation. As consumers of coal we 
might do well to imitate the economy now enforced by the 
producers in their engineering practice. In the Northern 
Anthracite field machine mining is extracting coal from 
22 and 24-inch beds, and throughout the anthracite region 
the average recovery of coal in mining is 65 per cent as 
against 40 per cent only twenty years ago. Nor are the 
bituminous operators any less progressive in their conser 
vation of the coal they mine. 

Yet it must be remembered that conservation of a 
natural resource, though it will undoubtedly be of direct 
economic benefit in the future, is not essentially a 
cheapening process ; in fact, these increased recoveries of 
coal have in large part become possible only because of a 
higher market price. And, following further this line of 
thought, we may say that the increased safety in the coal 
mines that has come through the combined efforts of the 
coal companies, the State inspectors, and the Federal 
Bureau of Mines necessarily involves some increase in 
cost of operation, but the few cents per ton thus added to 
the cost is a small price to pay for the satisfaction of 
having the stain of blood removed from the coal we buy. 

In the item of transportation perhaps the most promis- 


1 ing means of relief is that of reducing the length of haul. 
Though many a consumer’s preference for coal from a 
distant field over that from a field nearer home is based on 
special requirements, the deciding element in the pre- 
ference of other consumers is simply the price, and this 
in turn may be largely due to a differential freight scale, 
which is thus not in the public interest if we admit the 
premise that it is wasteful to burn coal in hauling coal 
into coal districts or past such districts, except in so far as 
quality requirements absolutely demand the long-haul coal. 

Reduction in marketing costs is a reform so close to the 
consumer that be should be able to find for himself what- 
ever relief is possible. Prof. Mead, of the University of 
Pennsylvania, is authority for the statement that the de- 
livery of coal is costing the dealers 50 cents a ton more 
than is necessary. 

There only remains, therefore, the first item of all — the 
value of the coal in the ground, or rather the return which 
the land-owner is asking for this natural resource. The 
fortunate holder of coal land, whether a very human 
individual or a soulless corporation, or a large trust estate 
administered for benevolence only, is likely to endeavour 
to get all that the traffic will bear. Especially in the 
possession of a limited resource like anthracite the ten- 
dency has been and will continue to be to increase royalties 
as the years pass, and the only penalty imposed by the 
State for high royalties seems to be high taxes, which too 
often, indeed, serve to justify the high resource cost put 
upon coal in the ground. Finally, in considering royalty 
rates or depletion charge we must not overlook the 
interest that accumulates throughout the period between 
the purchase of the coal land and the removal of the last 
ton of coal. 

In placing a value upon the Choctaw lands some years 
ago the Geological Survey figured the aggregate royalties 
at current rates at 160 million dollars, but if that amount 
of royalty were to be collected through the six or seven 
centuries required for mining the two thousand million 
tons under this land the present value of the land would 
be only 6£ million dollars if purchased by the Federal 
Government, or only 4 millions if purchased by the State of 
Oklahoma, and even less if the project were financed by 
a coiporation that would need to issue 6 per cent bonds. 
Such is an illustration from actual experience in coal-land 
valuation — the four to six million dollars invested in these 
Oklahoma coal lands now would require a final return of 
160 million dollars in royalties to balance the account. 

More recently Mr. Cushing, the editor of Black 
Diamond, has figured the cost of a monopolistic control 
of the available coal resources east of the Rocky 
Mountains on the basis of the United States Geological 
Survey estimate of two million million tons. At a valua- 
tion of coal in the ground of only 1 cent a ton, which, as 
he stated, is less than has been paid for large holdings, 
this deal would require a capitalisation ot 20 billion 
dollars, and the fixed charges on the bonds of this United 
States Coal Corporation would require an interest charge 
alone of 2 dols. a ton against a production of 600 million 
tons a year. Mr. Cushing characterises such a financial 
undertaking in mild terms as hopelessly impossible, and 
yet his figures, which do net include taxes, are most en- 
lightening as affording some measure of the cost of 
possessing an undeveloped resource. Incidentally, these 
startling figures furnish a strong argument for the present 
policy of the National Government in retaining ownership 
of the public coal lands, at least up to the time when the 
market conditions justify the opening of a mine, and then 
either leasing or selling a tract only large enough for that 
operation. The consumer of the next century simply can 
not afford to have private capitalists invest to-day in coal 
land for their great grandchilden to lease. 

The burden that seems evitable under unregulated 
private ownership of a natural resource like coal is that 
because the lands containing these national reserves of 
heat and power are taxed and because the individual or 
corporation properly charges up interest at current rates 
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on his large holding, the consumer must pay a resource 
cost which takes into account the long period of undevelop- 
ment. Even the high rates of royalty on the lands of the 
Giraid estate may be foond less excessive than thev seem 
it a century’s taxes and interest charges are figured. Vet 
the fact remains that the royalty lor anthracite represents 
a much larger proportion of the cost of the mined coal 
than any bituminous royaltirs. Moreover, we believe the 
highest royalty prevailing in the anthracite region has far 
more influence in fixing the selling price than the lower 
rates of the older leases. 

Any study of costa in the coal industry finds its point in 
the question, not who but what fixes the price of coal. 
The cost of mining coal, like the cost of living, is in- 
creasing. Exact mining costs, however, can not be deter- 
mined until the operators have accomplished their reform 
of standardising accounting. Too often the operator 
includes in his account only the two largest and most 
obvious items, labour and material. Thus when the 
market for bituminous coal is dull, the company whose 
land cost little or nothing is able to set a lower limit of 
price than the company whose coal must stand a charge of 
5 to 10 cents per ton, or even mere, be that charge called 
royalty, depletion, or amortisation. At such times the 
operator with the larger resource cost must sell at a real 
though not always recognised lem, but of course with the 
hope of recouping himself at times of high prices like the 
present, if fortunately he has any coal to sell not already 
contracted for. 

Even with the average low resource cost of bituminous 
coal the state of competition that is tied up with idle aod 
half -worked mines results in an average total cost that is 
little below the average selling price. Of course in this 
business there are ibo«e, both large operators and small, 
who make a profit in lean as well as in fat years, just as 
there are those for whom the prosperous years are too 
infrequent to keep them out of the hands of receivers. 

In the anthracite flelds the mining costs, and especially 
the resourct costs, are higher. Rut here, with an average 
market demand that normally exceeds or at least equals 
the available supply land with the passing years this 
disparity must be expected to increase), there results 
naturally a lack of competition for the market. Even 
gentlemen’s agreements are unnecessary as long as every 
operator can reasonably expect to sell bis product, and the 
market price ot anthracite at the mine must therefore tend 
to be fixed by the operator who has the largest mine and 
resource cost, rather than by his neighbour who may be 
doubly favoured with a mine less expensive to work and a 
lease less exacting in terms. 

Confessedly, this analysis of the cost elements that enter 
into the price of coal emphasises our lack of specific facts, 
which can be supplied in the future only through 44 installa- 
tion of uniform cost-keeping methods and uniform and im- 
proved accounting systems, " to quote from the declaration 
of purposes of the Pittsburgh coal producers. With the 
results of such bmk keermg in hand more definite reply 
can be made to the public's appeal for relief from high 
ptices. Vet even now it may be possible to suggest how 
that relief will eventually be obtained. Study of present 
conditions in the coal mining districts fails to encourage 
the idea of governmental operation of the seven thousand 
coal mines in this country. More in line.with the trend 
of public sentiment in the last decade, however, is 
governmental control in the interest of the consumer by 
regulation of prices. 

Competition seems to have failed of late years to benefit 
the consumer of coal. In the bituminous fields the com- 
petition whenever present has been wasteful, and in the 
anthracite fields there has been practical absence of 
healthy competition, and whether too great or too little 
competition, the result is the same— to increase the actual 
cost of bituminous coal by saddling the industry and its 
product with the fixed charges on idle or semi-idle mines, 
and to raise the price of anthracite coal by favouring the 
burdens of high resource costs. 


In estimating the aggregate losses incurred by society 
by reason of the large number of mines not working at 
full capacity, the facts to be considered are that the 
capital invested in mine equipment asks a wage based on 
a year of 365 days of 24 hours, while labour's year 
averaged lan year only 230 days in the anthracite mines 
and only 203 days in the bituminous mines, with only five 
to eight hours to the day. 

As coal is more an inter-state than intra state com- 
modity, any regulation of prices needs to be under Federal 
control, and to benefit both consumer and producer such 
control can not stop with transportation and mining costs, 
but most stand ready to exercise full rights as t trustee of 
the people over the coal in the ground. The private 
owner of coal land, which derives its real value from 
society's needs, has no more sacred right to dadde whether 
or not that coal shall be mined when it is needed by 
society or to fix an exorbitant price on this indispensable 
national resource than the coal operators have to combine 
for the purpose of exacting an excessive profit from the 
consumer, or the railroads to charge all that the traffic 
may bear. The proposal to bring land-owner under 
the same rule as mine operator and coal carrier may teem 
radical, but where is the point at which coal becomes the 
resource upon which industrial society depends for its very 
life ? 


THE COLLEGE OF TECHNOLOGY. 


In the academic world the word 44 school" carries two 
distinct meanings. It embraces on the one band institu- 
tions like the Manchester Grammar School, Harrow 
School, a Sunday School, or an Elementary School — all 
of them concerned with some aspect of primary or 
secondary education. It further embraces such things as 
the Oxford Final Schools— lit era humantores , modern 
languages and the like— the Cambridge School of Agricol- 
tuie, the London School of Economics, in all of which 
the work done is of an advanced kind, and often (barring 
the Oxford schools) concerned more with research and 
post-graduate study than even with university work at the 
undergraduate stage. The academic person knows this, 
and likes the word 44 school," which by right embraces all 
education. But most people are not academic. To them 
the word 44 school ” brings visions of small boys in knicker- 
bockers and small girls with pigtails. They consequently 
misconceive the work of the School of Technology. To 
remove the cause of their misconception the Governing 
Body has decided to change the name from 44 School ” to 
44 College." 

Official Recognition of the University Status of ike 
School of Technology . — This change of name has bean 
rendered the more necessary by the development of the 
School of Technology during recent years. In 1911-12 
the College was first recognised by the Board of Education 
a s bring of university rank, and was placed under its own 
name in the list of British universities and university 
colleges receiving grants from the Government. 

Sumber and Status of Students.— In the two years 
before the War the number of matriculated students in 
the College increased by 50 per cent, and though the War 
has drawn away over two-thirds of its students to-day 
there are actually more undergraduates than there were in 
1911 12. At that time only 30 per cent of those entering 
the College (or a full course bad matriculated. Now the 
proportion has reached 75 per cent ; and it cannot go much 
higher, for English education most remain democratic, 
and it must always be possible for able yooog men 
engaged in industry to enter a Faculty of Technology 
without first having to pass a schoolboy matriculation 
examination. On the other band, hoys who are attending 
highers er~ idary schools will generally do well to rsmsin 
at scboo.i oc one or two years after reaching matriculation 
standard before entering the College. The number wbg 
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do po has rapidly increased of lake years. Indeed, the 
average student now enters the School of Technology 
having done between one and two more years’ work at 
school than was the cafe in 1911-12. 

The proportion of evening students doing the most 
advanced work meanwhile doubled itself betwen 1913 and 
1916; and even to-day, after two years of the Military 
Service Acts, the proportion is 60 per cent greater than it 
was in 1911-12. 

Staff. — During the same six years the following among 
Other appointments have brought distinction to the 
College Prof. G. G. Stoney, F.R.S. ; Prof. A. G. 
Green, F.R.S. ; Prof. Miles Walker, M.I.E.E. ; E. M. 
Wrong (Fellow of Magdalen College, Oxford) ; S. Lees 
(formerly Fellow of St. John’s College, Cambridge) ; F. M. 
Rowe (formerly Research Fellow of Leeds University). 

Salaries. — With a view to enabling the College to attract 
and retain experts of first-rate ability, whose services are 
in great demand by industrial concerns, the Governing 
Body is now offering professorial salaries up to £1000 or 
£1200 a year, with permission to undertake private con- 
sulting work under suitable conditions. 

Increase in Government Grants. — The increase in expen- 
diture has been partly met by larger Government grants. 
In the year 1910-11 the grant received amounted to 
£11,895, while that received during 1915-16 was £16,646, 
including a special War grant of £1250. 

Expenditure.— According to Blue Book figures the 
annual expenditure of the College is now about equal to 
that of the University of Sheffield, and is half as big again 
as that of the University of Bristol. 

New Buildings. — Before the War the City Council had 
agreed to extend the College buildings to the east, between 
Whitworth Street and Granby Row, and in the new 
building to provide internal combustion engine labora- 
tories, with aeronautical and motor-car sections, a new 
foundry, and a boiler-house, the total cost to be about 
£20,000. Engineering firms in the neighbourhood had 
shown their interest in the work of the College by pro- 
mising equipment for the new buildings to the value of 
about £3000. 

Educational Reforms.— Changes have been made in the 
University curriculum, and the final examination has been 
brought into line witn Honours schools in most British 
universities. 

Research . — But perhaps the greatest change of all is in 
the quantity of the research work undertaken. This result 
is in part due to the fact that the Governing Body now 
offers annually several Research Scholarships, each of the 
value of £100 a year. Moreover, lecturers are appointed 
not only to teach but to research ; they understand their 
advancement largely depends upon their research. In the 
summer of 1916 five new research rooms were equipped, 
and in one was boused the new Sub-Department of Dye- 
stuffs Research, set up wholly for experimental and post- 
graduate work. The greater part of the research at 
present in progress is directly concerned with the War. A 
confidential|report on the war activities of the College was 
recently prepared at the request of the War Office, who, 
when acknowledging its receipt, said that they found it to 
be “ of extreme value.” It is, of course, impossible to 
publish this report at the present time. 

Co-operation of Industrial and Commercial Concerns 
with the School oj Technology. — Co-operation between 
the College and the industries of the district is essential if 
both are to achieve their best. Such co-operation exists 
and is increasing. Graduates of the College have no 
difficulty in finding employment ; indeed, tor many years 
past the demand has been far greater than the supply. 
Co-operative researches in which the practical experience 
of individual manufacturers is combined with the wider 
but less specialised knowledge of members of the College 
are increasing in number. The City Council has recently 
approved conditions under which it is hoped that the 
lumber of these co-operative researches will continue to 
grow. 
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Such in recent years has been the growth of the School 
of Technology, founded in 1824 as the Manchester 
Mechanics’ Institution, and now a College ot university 
rank, attracting students from all parts ot the world. 


HISTORY OF THE NICKEL INDUSTRY 
SINCE 1910.* 

By E. P. MATHEWSON, B.Sc. 

The history of the nickel industry in Canada and the 
United States was the subject of a most interesting address 
by the late D. H. Browne, before this section of the 
Society in January, 1911 (see Journ. Sue. Chem. lnd. % 
1911, p. 248). This paper is intended to fi 11 the gap 
between that date and the present in the history of the 
nickel industry. 

In the first place, the use of nickel has increased im- 
mensely during the past seven years, and the great war 
has emphasised its importance to a very large extent. 
Some of the greatest engineering structures of the world 
have been recently completed, and but for the use of 
nickel as an alloy in the steel employed, their construction 
would have been entirely out of the question. One of the 
most recent of these structures is the new Quebec Bridge. 

The lack of nickel in Germany after the first few months 
of the war caused our enemies to offer great inducements 
to producers to supply them with nickel. They were 
successful in securing a supply from Norway, which, how- 
ever, by means of certain negotiations on the part of the 
British Government, was cut off almost entirely, and in 
May of 1917, the refinery at Ktistiansands was damaged 
by fire to such an extent that no nickel has been produced 
at that plant since that time. 

The affair of the Deutschland is familiar to all and caused 
a feeling of uneasiness amongst the Allies at the time. 

It is no secret to state that the nickel producers, par- 
ticularly the International Nickel Company, of which the 
Canadian Copper Company is the chief subsidiary, became 
much alarmed at what they considered a lack of market 
for nickel proportionate to their producing capacities. 

Just before the war broke out, the manufacturers of 
structural steel seemed suddenly to become aware of the 
value of nickel steel and its use was increasing rapidly. 
When the war broke out, the demand for nickel in the war 
industries absorbed the entire supply, and it is generally 
believed that after the war the demand for nickel will 
continue to a still greater extent. 

In connection with the automobile industry, the con- 
sumption of nickel is quite large and growing constantly. 
For making of shafting, particularly marine shafting, 
nickel seems to be essential ; but the great consumption of 
the metal will be in the form of nickel steel alloy for 
structural purposes. 

Within the past few years, the enormous reserves in the 
lower levels of the Creighton Mine have been discovered, 
and at present a very important investigation is being 
made by the Mond Nickel Company on the lot west of the 
Creighton Mine, where diamond drilling is being under- 
taken with the object of striking the Creighton ore body 
extension at a depth of 3800 feet. This is twice the depth 
of any of the workings in the nickel region of Canada. 
Some very interesting diamond drilling has been under 
taken in the Eastern part of the Sudbury district by the 
Longyear Company, they having drilled through zoo feet 
of wash and found nickel ores at some distance below the 
wash. 

Among interesting changes in smelting are the following : 
The Mond Nickel Company has moved to a point eight 
miles east of Sudbury on the Canadian Pacific Railway 
and constructed a modern smelter and model town called 
ConiBton. 


• Abstract of a Paper read before the Canadian Section of the 
Society of Chemical Industry, Toronto, December 21, 1917. 


Digitized by UiOOQLe 


Cmbmical Nsws, i 
March ta, igi8 f 


i39 


Orders of the Ministry oj Munitions. 


The old Murray Mine is now the principal holding of 
the British America Nickel Corporation, Ltd., which is 
the successor of several of the older companies. The 
depression in financial circles at the beginning of the war 
had its effect on the nickel industry and particularly on 
this company, and work was suspended. But later, as the 
company owned the Hybinette patents for refining nickel, 
which are considered very valuable and which had been in 
operation for a number of years at the Kristiansands 
refinery, Norway, it was decided to resume the construc- 
tion of the plant at Nickelton, and this work is now well 
under way. 

Some time ago nickel became a political issue in Canada, 
but with the entry of the United States into the war on the 
side of the Allies, this ceased to interest politicians. .How- 
ever, one good result of the nickel agitation was the 
appointment of the Royal Ontario Nickel Commission, 
which recently completed its labours and published a 
voluminous report which is generally considered to be the 
finest thing of the kind ever offered to the public (see 
Joum. Soc. Chtm, Ind. t 1917, p. 490). 

Since the tepott of the Commission has been made 
public, the rate of taxation on nickel properties has been 
materially increased, with a corresponding increase in 
revenue to the Government, which more than justified the 
expense of the Commission. 

The importance of Canada as a nickel producer has 
been maintained through all these years, and it now is 
apparent that the country will soon become equally im- 
portant in the refining of nickel. 

The International Nickel Company has under construc- 
tion, and near completion, a modern refinery at Port 
Coiborne, Ontario, which will have an initial capacity of 
7500 tons of nickel per annom, and provision has been 
made for enlargement to double that capacity. 

The British America Nickel Corporation's plant will be 
neatly the same size as the Port Coiborne plant, but will 
utilise the Hybinette electrolytic process, which is quite 
distinct from that used by the International Nickel Com- 
pany, and in it also will be made provision for enlargement 
as the needs of the industry demand. This plant, how- 
ever, will not be completed until the year 1919 . — Journal 
of the Society ol Chemical Industry , xxxvii., No. 4. 


ORDERS OF THE MINISTRY OF MUNITIONS. 

Shellac. 

Thk Minister of Munitions, in exercise of the powers con 
ferred upon him by the Defence of the Realm Regulations 
and all other powers thereunto enabling him, hereby 
orders as follows : — 

1. Every person holding or having under his control, 
whether in stock or transit, any Shellac as hereinafter de- 
fined, shall within seven days of the dale hereof furnish a 
return to the Controller, Non-Ferrous Materials Supply 
M.S./L., at the address undermentioned, containing full 
particulars of such Shellac, the respective grades thereof, 
the purposes for which the same is intended, and the 
average monthly consumption of Shellac by such person 
for any purpose during the year 1917 ; provided that no 
such return is required from any person unless be has at 
some time since January 1, 1917, had in his possession or 
under bis control an amount of Shellac exceed ng an 
aggregate of 7$ cwts. net weight. 

2. No person shall as from the date hereof until further 
notice purchase or, except for the purpose of carrying out 
a contract in writing existing prior to such date for the 
purchase of Shellac, take delivery of any Shellac whether 
situate in or outside the United Kingdom, except under 
and in accordance with the terms of a license issued under 
the authority of the Minister of Munitions, or sell, or 
except for the purpose of carrying out a contract in 
writing for the sale of Shellac existing at the date thereof, 
deliver any such Shellac to any person other than the 


holder of such a license and in accordance with the terms 
thereof, provided that no such license shall be required by 
any person for the purchase of Shellac in quantities not 
exceeding an aggregate of 7} cwts. net weight during any 
one calendar month or for the sale or delivery ol soch 
maximum quantity on any such purchase. 

3. The expression “Shellac” shall for the purpose of 
this Order mean 

Shellac, 

Seed Lac, 

Stick Lac, 

Garnet Lac, 
and Button Lac, 
or any of them. 

4. This Order may be cited as 44 The Shellac Control 
Order, 1918.” 

5. All applications for licenses shall be addressed to — 

The Controller, Non-Ferrous Materials Supply, M.S./L., 
Ministry of Munitions, 8, Northumberland Avenue, 
London, W.C. 2. __ 

Bismuth Orbs, Bismuth Metal, and Products 
Therefrom. 

1. In exercise of the powers conferred opon him by Re- 
gulation 30A of the Defence of the Realm Regulations the 
Minister of Munitions hereby orders that the war material 
to which that Regulation applies shall include war material 
of the following classes and descriptions, namely : — 

All Bismuth-bearing ores and Bismuth metal and 
alloys and salts derived or prodcced therefrom. 

2. In exercise of the powers conferred on him by the 
Defence of the Realm Regulations and all other powers 
thereunto enabling him, the Minister of Monitions hereby 
orders as follows : — 

(1) . Every person holding any stock of any of the 
materials specified in Clause x of this Order shall within 
fourteen days from the date hereof furnish full parti- 
culars of any such stock to the Controller of Non- 
Ferrous Materials Supply, Ministry of Munitions, 8, 
Northumberland Avenue, London, W.C. 2 (hereinafter 
referred to as the Controller). 

(2) . Every owner, lessee, or licensee of a mine or 
mines producing Bismuth-bearing ores situate in the 
United Kingdom shall, within fourteen days from the 
dale hereof and once in every month thereafter, make to 
the Controller, on and in accordance with the form pre- 
scribed by the Controller, a return showing particulars 
of his monthly output and deliveries of Bismuth ore, 
concentrates, and stocks on hand at the ol each month. 

(3) . Every merchant, importer, or broker who receives 
consignments from outside the United Kingdom of 
Bismuth ores shall, within fourteen days from the date 
hereof and once in every month thereafter, make to the 
Controller on and in accordance with the form prescribed 
by the Controller, a return showing all shipments afloat 
and all parcels landed or in warehouse during the month 
preceding the day of the return. 

(4) . Every person who treats any ore to which this 
Order applies or manufactures any material or article 
therefrom shall, within fourteen days from the date hereof 
and once in every month thereafter, make to the Con- 
troller on and in accordance with the form prescribed 
by the Controller, a return showing stock in hand, 
receipts, and consumption of such ore ar.d stock in 
hand, output, and deliveries of manufactures from such 
ore. 

(5) . Every person who in any manufacture uses 
Bismuth metsl or any alloy thereof shall, on the 1st 
day of April, 1918, and thereafter on the first day of 
every calendar month, make to the Controller a return 
on and in accordance with the form prescribed by the 
Controller, showing the quantity of Bismuth metal or 
any alloy thereof received by him from the producer, the 
quantity consumed by him in such manufacture during 
the preceding month, and the stock in hand at the end 
of the said month. 
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(6). Notwithstanding the above, no return is required 
from any person whose total stock in hand and not 
intended to be used in connection with the manufacture 
or alloy of steel or other metal has not during the 
period for which a return would but for this exception 
have been rtquircd exceeded in the case of — 

Bismuth salts 56 lbs. 

Bismuth metal or alloy thereof .. 14 lbs. 

3. Every return made by any person for the purpose of 
this Order shall be signed by such person, or, if the return 
is made on behalf of a firm or company, shall be signed 
by a partner, director, manager, or other responsible 
official, and every statement contained therein shall be 
true and accurate. 

4. Applications for permits under this Order should be 
made to the Controller of Non-Ferrous Materials Supply, 
M.S./P., Ministry of Munitions, 8, Northumbei land 
Avenue, W.C. 2. 

5. This Order may be cited as the Bismuth Order, 1918. 

General Permit under the Above Order . 

The Minister of Munitions gives notice that he hereb> 
until further notice permits any person to purchase 
Bismuth metal and Bismuth salts not exceeding in any 
one calendar month in the case of Bismuth metal a total 
quantity of 10 lbs. and in the case of Bismuth salts a 
total quantity of 56 lbs., provided that the same are pur- 
chased and in fact used for pharmaceutical or medical 
purposes only, and further permits a sale to any person 
purchasing as hereinbefore authorised. 

March 12, 1918. 


PROCEEDINGS OF SOCIETIES- 

ROYAL SOCIETY. 

Ordinary Meetings February a8, 1918. 

Sir J. J. Thomson, O.M., President, in the Chair. 

Papers were read as follows : — 

“ Scattering of Light by Dust-free Air, with Artificial 
Reproduction of the Blue Sky .” (Preliminary Note). By 
Hon. R. J. Strutt, F.R.S. 

1. By proper arrangement of the experimental condi- 
tions, it is possible to observe the scattering of light by 
pure air, free of dust, in a small scale laboratory 
experiment. 

2. Similar results can be obtained with other gases. 
Hydrogen gives much less scattering than air, oxygen 
about the same, carbon dioxide decidedly more. 

3. The scattered light in air and in all the other gases 
is blue— the blue of the sky — illustrating very directly the 
theory that attributes the blue of the sky to scattering by 
the molecules of air. Tyndall obtained the olue by 
means of fine-grained fogs, precipitated from organic 
vapours. This was a valuable contribution, but his fogs 
were, of course, both chemically and physically very dif- 
ferent from dust-free air. 

4. The scattered light is almost completely polarised. 

“ The Lommtl Weber Cl Function and its Application to 
the Problem vf Electric Waves on a Thin Anchor Ring.” 
By J. R. Airey, D Sc. 

This paper contains a short summary of the properties 
of the Cl n (x) function defined by the integral — 

- -f* sin (ar sin d -nB)a 0 . 

*J o 

References are given to the applications of Ho x), Cl(x), 

+ and Cl n -i(n) to a number of physical problems, 
especially that of the electrical vibrations on a thin anchor 


ring. It is shown that the real part of (a 1 a 2 -m 2 ) L can 
be written in the form — 

H * |^2'h - i(2w) - £zm + 1(2*1) J 

and the wave-lengths cf the vibrations A ; » can be formed 
from the formula — 

^ 1 l - - i(2w)- + 1(2*1) J J- 

where L«-log 8a , a the radius of the anchor ring, t the 

t 

radius of its cross section, m a positive integer, and 

\ = 27T 

Am = 

a 

Methods rf calculating Hn(«) and fl#»-i(n) are given, 
depending upon the Scblafli polynomials S»*(»«) and 
S>i-j(*), and the Neumann functions G*(n) and G n -i(*)* 
which have been tabulated for a large number of values 
ot n. Finally, the asymptotic expansion of Cl *»(x) where x 
is nearly equal to n , is derived from the integral defining 
the function by a method similar to the Saddle-point 
method. 

“ Investigations on Textile Fibres By W. Harrison. 

1. Dry fibres when subjected to stress, exhibit a kind of 
plasticity in which the strains produced remain when the 
stress is removed, but are accompanied by corresponding 
internal stresses. 

2. Fibres deformed in the above manner return to their 
original shape when placed in cold water. 

3. Fibres in contact with cold water are elastic ; strains 
produced by the application of stress disappear when the 
stress is removed, more quickly with some fibres than with 
others. 

4. In boiling water fibres are plastic, the application of 
stress produces permanent deformation with no corre- 
sponding internal stresses in the case of wool and orly 
slight stresses with other fibres. 

5. The double refraction exhibited by the natural fibres 
is due to the presence of internal stresses. 

6. The swelling produced by treatment of cotton fibres 
with solutions of sodium hydrate and of wool fibres with 
sulphuric acid is due to the internal stresses naturally 
present in these fibres. 

7. The internal stresses present in natural fibres appear 
to originate in the moulding of the fibres during growth 
and in their subsequent drying, and can be imitated 
experimentally with artificial fibres. 

“ Critical Loading of Struts and Structures .” By 
W. L. Cowley and H. Levy. 

This paper is concerned with the elastic stability of 
structures composed of members under compression, and 
treats problems relating to the strength of such a con- 
struction as a beam under end thrusts and supported at 
intermediate points. 

For introducing the method of analysis, the discussion 
is first directed to the case of a prismatic, homogeneous, 
uniform strut with simple supports, and loaded longitu- 
dinally, laterally, and by externally applied couples at the 
ends. A critical loading is associated with the production 
of bending moments and deflections, large in comparison 
with those allowable by the assumptions upon which the 
analysis is based. In this case the criticals occur when 
the end thrusts attain Euler’s values, unless a certain 
relation exists between the bending moments at the ends 
and the lateral loading. For longitudinal loads greater 
than the lowest critical, the equilibrium is assumed 
unstahle^to small disturbances in the light of stability 
investigations for Euler’s simple strut. 

The anahsis is aiurwards extended to the case of a 
continuous beam under lateral and longitudinal loads, the 
intermediate supports undergoing deflections. This in- 
troduces an extension of Clapevron's theorem or the 
equation of three moments, in a simple form, suitable for 


Digitized by LjOOQLe 



Chemical News, 
March ri, 191b 


Determination Of troltoh 


Ml 


rapid solution when both the lateral and the longitudinal 
loadings are known. 

The investigation shows that failure does not neces- 
tardy occur when one ol the b<<y« is ot Eulc» \s lowest ti itical 
length. In this .ustance, however, the two equations 01 
three moments involv.og this hay take an indclernnnate 
form and must be replaced by two other equations which 
can e .m y be derived. The structure wnl not lail, in 
genera!, through the binding moments becoming exces- 
sive, even it several ol the bays are ot Euler's critical 
length, provided at least one bay is n »t o( that length. 


CHEMICAL SOCIETY. 

Ordinary Meeting, February 21, 1 q 1 S. 

Prof. W. J. Pope, C.B H., F.R S., President, 
in tii^ Chair. 

Messrs. R. I. P t pp » and A. S. Carlos were formally 
admitted Fellows of the Society. 

Certificates for election were read for the first time in 
favour of Albert Henry Clark, B.Sc., 701, S. Wood 
Street, Chicago, U.S.A.; Horace George Evans, B. A., 
B.S;., 393, City Road. EJgbaston, Bhnungham , Charles 
Edmc G.nlaghcr, The Vu*tiy H )U*e, Si. M ignus-the- 
Martyr, Lower Thames Street, E.C. 3 ; N.thanicl 
Makowr, B Sc., 13, Bincrolt Road, K. 1 ; Alexander 
L> e Thomson, n, BerrMord Gardens, Trinity, Edm- 
buigh; Herbert John Wal«on, 64. P.tl House Lane. 
Widll-S. 

A certificate for election ha*< been authorised by the 
Council tor presentation to uuUot under B. law 1. (4) in 
favour of Stanley Warburtc.i, Titaghur Paper Mills Cc., 
Ltd., Titagbur. India. 

It was reported that Mr. Thomas Tyrer. who was 
elected a Fellow in 1876, died on February 21, 1918. 


Frederick William Edward? ; Thomas G fiord Eli ot ; 
1'iedcnck Wiiham Emerson; F'cdertck Page Evars. 
B be. ; Chailea Henry Piclding ; R .btn Fleming. B A. ; 
Thomas Pra/er. B A. ; Fr e C * : 1 c Horace Garner, M Sv. ; 
Cecil enson Gurot tt ; J ut us Gcidard ; Wimam P.ank 
Grant, B.Sc.; W mam Rnbtnson Gim ; Francis Clint 
Guthrie, B.A. ; J )*-eph Eli Hanson; Ernest Hardtker ; 
Aian Haythornthwaitc, B Sc. ; Thomas John H tchcock , 
Harold liomley, M Sc.; Owen Rhys Howell, B.Sc.; 
Wiluain Earl Hughe*; Herbert Spencer Kip ing ; Thoma* 
Wiliiamscu Kirkwood. B.Sc ; Kumudcnandra Ghclabhai 
Laiwala. M.A., B Sc. ; Haroid Lawrence ; P'ianci* 
Charles Lew' s, B Sc. ; Arnold Bridles Lowndes ; Wi.liam 
Jackson Lund. M.Sc Teen. ; Archibald Bruce Macallum ; 
Alfred Bertram M.inn ; Elias Mendoza ; John Richard 
Morgan, B.Sc. ; Arthur Macdonald Munro, M A. ; 
Tnelutn Kumaran N w, B.A., B.Sc. ; Robert Atk.n»on 
Oddy ; Horace Finnun»ley Oxley, B A. ; Henri Marc 
Ptzzani; David J^hn Pr chard Philnp 1 *, B.Sc.; Tudor 
W lhamt P.icr, B.A., M.Sc.; Robert Rav, B.Sc.; 
Fertlmand Roques : Al’red Ulrich Max Sehlacplci, 
D Sc. l ech ; Winn m L-onar 1 Scotcher ; Haro>d Pttnick 
s. nl*ton ; Snow BngDurn l ailanivre. B Sc. ; George 
l’aylci ; John Canuron Clarke Taylct ; Hugh Arwel 
Thomas, B Sc ; Albul Edward Timmins; John Trotter, 
M A., I). Sc. : Gcrrgc Johnston Twine; Leonard Ellerton 
Vhcs ; G<en R«\u«md Wakrham, B Sc. ; Godfrey War- 
hvmn ; Harrv Wtgnali, M.Sc.; Aithur William Willie ; 
L Paries Edmund Wood. M Sc. 

P< 01 the Hon R. J Stki tt, F. R.S., then delivered bis 
lecture, entiled “Recent Studies on Active Nitrogen.” 
A vote of thanks proposed by Dr. A. Scott, seconded by 
Prof. Findlay, and aupported by the President, was 
carried with a:clamation. 


SOCIETY OF PUBLIC ANALYSTS AND 
OTHER ANALYTICAL CHEMISTS. 


The President announced that the following change* 
in the Officers and Council were proposed by the 
Council : — 

Vsce-Prestden ts to retire — Prof. F. K Japp and Sic 
Richard Thrclfall. 

Ordinary Members of Council to retire -- Rt. flDn. the 
Earl of Berkeley, Prof. H. C H. C(»rpt*utr, D;. R. H 
Aders Pmnmer, and Prof. J. E. Thm-’e. 

President — Prof. Winnu* } iu.'mii P P-. 

Vice-Presidents x vho have fuit i the office of President — 
Pr I. H. E Armstrong. Prof. A. Crum Brown, Sir William 
Crookes, Sir James Dewar, Prot. Harold B. D*\on, Prof. 
Percy F. Frankland. Dr. A. G Vernon Harcouri, Prol. 
W. Oiling, Prof. W. H. Pt-kiu. Prof. J. Emerson 
K-vno'd*, Dr. Alexander Sc r >tt, nir Edward 1 horpe, anu 
Sir William A. Ttlurn. 

Treasurer- Dr. M. O Forster. 

Honorary Secretant s Dr. Samuel Smiles and Prof. 
J. C. Philip. 

Foreign Secretary — Lt Col. Anhui W. Crosslry. 

Vice-Presidents — Pro' F. G. Dorman, Prof. G. G 
Henderson, Prof. A. Lapworm Lt.-Col. A. Smnhehs, 
Prof. W. P. Wynne, a d Pi <.f. S Young. 

NeW Ordinary Members of Council Mr. J. L. Biker, 
Prof. J. C. Irvine, Su Herbert J ick*un, and Mr. E. W. 
Voclckcr. 

Mr. C F. Cto^, Dr. C A K-are. a:d Dr. E W 
Voelcker were elected Auditors i> audit the Soc.ety*- 
Ac^ount n 

Me^ri. R. E. Jack«on and P. T. Whit'* were elected 
Scrutaio *. a id a oa lot for the election t ! Fellow* was 
held. Ine 1 nl 'wing were subsequent v di lared elected 
»» Fc. lows : — Ernest Atk*n*on ; f'narle* Ereorntk Lee 
Barber ; A Pert L -li~ B o > h Id, B A. : J dm Bo thrum : 
Joseph Wi !u ir C 1 i-tf . j *■. B.Sc. ; Pdgnr Alfred Coakill, 
Kjtmunr Wit .-u* C l; a . Th iin.u Lt.>wdy; Harry 
Djq 'Id Keith fV'W ; Jobnv. arr Nr'v 1 indf* Etstick ; 


Ordinary Meeting, March 6, 1918. 

Dr. S. Ridkai., President, in the Chair. 

Ci ktii’ica’iks were read for the first time in favour of 
M-s-rs. Stmlfv Dixon, A.I.C., John Frederick Briggs. 
A C G.I , Rotcit Duncan Masson, F.I.C., and John 
Wnliam Hinchlt v, A.R.S.M. 

A errt'hcate was rr^d for the aecond time in favour of 
Mr. W'lnam Herbert Miles. 

Mr. 1 om M. McKenzie was elected a member of the 

Society. 

The following papers were read : — 

•‘i>H a Case or Poisoning l>v Potatoes .* 9 By F. W. 
H iKki.v PM C.. and T. Co^mu rn, PM C. 

“ The (j rad’* at ton and Calib* atioa of (i ether New Milk 
rorneterx By F. I). Day, B.Sc., F.I.C., and 
Mic MA* l Grimes. 

The authors have carefully determined the conditions 
under which the Gerber lest should be earned oui. pat- 
ticu.arly as regards the calibration of the butyromrtcis, 
and have redetermined the volume of the scale di\i*un»>. 
They have also examined the fat obtained in the Gttber 
teM, and have compared its properties with those of 
unchanged milk fat in order to determine whether the 
accepted crfficient of expansion and density for mi k fat 
will hold good in the case of the fat of the G-mer test. 
They consider the Gerber method to give very accurate 
results. 

“ The Determination of Potash . 99 By Bertram Blovnt. 
F.I.C. 

The author has considered the question of the deter- 
mination of potash which ha - latri\ been a matter ot public 
interest, especially in connet tmu * nh the prov i^on ot this 
substance for national puffCKv He has drawn up a 
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statement of what, in his experience, appears to be the 
most accurate and satisfactory method. 

The method is generally applicable for the determination 
of the total quantity of potash in all ordinary materials, 
and if properly worked may be regarded as reliable. 


NATIONAL ASSOCIATION OF INDUSTRIAL 
CHEMISTS. 

On Saturday, March 9, 1918, the Council of the National 
Association of Industrial Chemists met in conference in 
Birmingham, at the rooms of the Chamber of Commerce, 
and in the evening there took place an open meeting of 
chemists and metallurgists at the Birmingham and Midland 
Institute, The conference, which was private, was pre- 
sided over by Mr. A. C. J. Charlier (London), President. 
Delegates were present from various parts of the country. 
Matters of organisation and policy were dealt with, and 
an Executive was appointed as follows : — Messrs. Hargest 
(Newcastle), Thomas (Scunthorpe), Blackwell (Birming- 
ham), Harrap (London), Davison (Middlesbro'), and 
Russell (Sheffield). 

Mr. E. H. Newton (Wednesbury), presided at the 
meeting at the Midland Institute, which was well attended. 

Mr. E. J. Thackeray (Sheffield), National Secretary, 
stated that the reports received showed that good progress 
was being made by the Association. Sections bad been 
formed at London, Birmingham, Sheffield, Middlesbro', 
Newcastle, and Scunthorpe, and the membership was 
constantly growing. The aim was, by collective action, 
to advance the economic and social position of industrial 
chemists and metallurgists. 

Mr. Charlier, the President, stated that the National 
Council now possessed six sections with their own local 
councils. The latter, while controlled by the Executive, 
bad authority to cater for the needs of chemists within 
their own districts. The Association was out for improved 
status and financial recognition for the average works 
chemist — the man who handled big quantities of material. 
It did not follow that the academic man necessarily made 
the best works chemist. They were of opinion that in 
three or four years a thorough knowledge of organic or 
inorganic chemistry could be acquired, after which a man 
should specialise in bis own particular branch of his pro- 
fession. The Association wanted to see the door between 
the works and the laboratory opened much wider than in 
the past. Therefore they desired to see the younger 
members of the profession take up a short course of 
engineering. It would be of great service to the chemist 
who aspired to become a works manager. The Associa- 
tion desired to stop night work if the effect was to interfere 
with the studies either at night or in the day of young men 
in the laboratories. Laboratory practice and technical 
training in the schools and colleges needed to go together. 
The present system of training was often faulty and in- 
adequate. It did not provide sufficient scope, and some- 
times the work on simple analyses was so continuous that 
11 blind-alley occupation ” ensued. That sort of thing 
must be stopped. Their Executive failed to see that the 
newly formed British Association of ChemiBts could 
achieve what the National Association could. The 
objects of the two bodies were different. They also felt 
that the Sheffield Metallurgical and Chemical Association 
could not assist them, because its idea of 11 qualification ” 
was wholly impracticable from the point of view of an in- 
dustrial association. The Sheffield body consisted mostly 
of senior members, and the qualification test was unsuited 
to student members or to young chemists in any labora- 
tory. The aim of the National was to draw into its fold 
all junior works chemists. The academic and research 
man of grammes and test-tubes was properly provided for. 
It had been suggested that the National Association was 
•imply a trades union ; it was not established with the 
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intention of acting on trade union lines. The spirit of the 
Association was democratic, but its methods were not of 
the trade union, and he looked forward to the time when 
trade union policy would be altered to meet the require- 
ments of professional men and professional associations. 
Then they might be able to fall into line with them, but 
they could not at present. He believed the Association 
would in the near future be duly recognised, and would 
have representation on works and industrial committees, 
and on Government forms of committees which were to 
control industries. 

A number of members were enrolled. 


RONTGEN SOC 1 E 1 Y. 

March 5, 1918. 

Captain G. W. C. Kaye in the Chair. 

“ A Biological Basis for Protection against X-rays" By 
C. R. C. Lyster, M.R.C.S., and S. Russ, D.Sc. 

In this contribution the study of the protection of X-ray 
operators was approached from a somewhat different 
point of view from that usually adopted. In previous 
investigations the materials have generally been tested to 
ascertain what fraction of the incident rays are trans- 
mitted, while in this case an attempt was made to measure 
the total quantity of radiation received by the operator 
during, say, a day’s work under normal conditions. For 
this purpose the operator carries a photographic plate upon 
his person, and at the end of the period under considera- 
tion the plate is developed. The density of the resulting 
image is compared with that of another plate termed the 
“ biological basis plate ” which has been exposed under 
standard conditions of radiation. A preliminary investi- 
gation enables the harmful effects of the standard source 
of radiation to be determined and thus gives a meaning to 
the indication of the biological basis plate. 

Radium forms a useful source of radiation for practical 
purposes after the initial tests have been made, and it over- 
comes difficulties in the employment of an X-ray tube, as 
a constant source. 

The effect of bard and soft radiation (12 inch spark to 
2 inch) on the photographic plate was fully investigated, 
and it was concluded that for the same ionising effect the 
hard and soft rays produced about the same photographic 
effect ; the effect, however, varies with different makes of 
plates and in consequence all comparisons must in practice 
be made with the same variety. 

41 A Mobile X-ray Unit." By H. C. Head. 

A detailed description, illustrated by numerous photo- 
graphs, was given of a motor X-ray unit recently designed 
and constructed for use in Mesopotamia, &c. The Austin 
chassis was chosen on account of its low load line, and the 
body was divided into two portions, one to serve as dark 
room, while the other contained the X-ray equipment. In 
operation a tent is erected at one side of the car, with the 
result that it is unnecessary to remove the coil or switch- 
board for use. Electric current is supplied from a dynamo 
run off the motor engine and from a small battery of accu- 
mulators, and is sufficient to render possible the production 
of short exposure radiographs. 

The Rdntgen Society has recently founded an annual 
lecture in memory of its first President, the late Professor 
Silvanus P. Thompson. The first l( Silvanus Thompson 
Memorial Lecture” will be delivered by Professor Sir 
Ernest Rutherford, F.R.S., at the next meeting of the 
Society, to be held on Tuesday, April 9th, 1918, at 8 p.m. 
The council will be pleased to welcome all interested, and 
applications for cards of admission should be made to the 
Hon. Secretary of the Society, Dr. S. Russ, Middlesex 
Hospital, London, W.i. 

Further particulars will be announced in due course. 
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NOTICES OF BOOKS. 


CORRESPONDENCE. 


Britain's Htritagt of Scitnct . By Arthur Schvster, 
F.R.S., and Arthur E. Shipley, F.K.S. London: 
Constable ^nd Co., Ltd. 1917. Pp. xv + 334. Piice 
8s. 6d. net. 

This excellent book cannot be too highly recommended to 
teachers of science and to the educated general reader, 
who will find it a source of inspiration and of the keenest 
intellectual enjoyment. To show up clearly and in due 
proportion the salient features of British science is its 
aim, which has been achieved with complete success. 
The subject is divided into two — the physical and bio- 
logical sciences, the former being considered first. The 
first chapter contains an account of the ten great men 
whose work may be said to constitute the landmarks of 
British science, and the subsequent chapters deal with the 
work of the universities in the seventeenth and eighteenth 
centories, the non-academic heritage of the same period, 
the work of the nineteenth century which for adequate 
treatment was found to need two long chapters, industrial 
application of physical science, and, finally, scientific 
institutions. The plan adopted in discussing the biological 
sciences is rather different, the chapters dealing with the 
various branches — botany, zoology, physiology, and 
geology — after an introductory chapter on the work and 
knowledge of the middle ages. The part played by Great 
Britain in the development of science, which has been 
surpassed by no other nation, is clearly shown, and 
teachers of science will derive inestimable benefit from 
the book. It will point out to those who are trying to 
discover new and better ways of teaching bow to make 
their work more effective for all classes of children, those 
who having marked ability are going to specialise in 
science, as well as those who have no very strong taste 
for the subject and are now usually allowed to remain in 
otter ignorance of its achievements, while often spending 
a comparatively large amount of time in learning the 
history of man's laws and wars and social institutions. 


Thi DtUrmination 0) Nitrogtn in Substanus mud as Ex- 
plosion, By W. C. Cope and Guy B. Taylor. 
Washington : Government Printing Office. 1817. P.46 
Price 10 cents. 

This bulletin has been prepared in answer to frequent re- 
quests for details concerning the methods used by the 
Bureau of Mines for the determination of nitrogen in 
nitro-derivatives. Accurate and full accounts are given 
of the three processes usually employed— Dumas’ method, 
the modified Kjcldahl method, and the phosphorus iodide 
method. The advantages and disadvantages of each 
process are pointed out and possible sources of error are 
discussed. A tabular statement of the theoretical results 
and those obtained by the three methods when applied to 
some twenty compounds is included, so that the degree of 
accuracy to be expected may be ascertained. The deter- 
mination of nitrogen in nitrates by means of the du Pont 
and Lunge nitrometers is also included, and the bulletin 
will be exceedingly useful to chemists employed in explo- 
sives works. It contains full tables of data which are 
required in calculating the results in nitrogen determina- 
tions. 


Society of Chemical Industry.— The neat meeting of 
the London Section will be held at the Rooms of the 
Chemical Society, Burlington House, Piccadilly, W., on 
Monday, March 25, at 8 p.m., when the following paper 
will be read 1 14 Some Cotton Seed Products in Relation 
to Present Day Needs,” by E. C. de Segundo, A.M.I.C.E., 
Ac. The attention of members is especially directed to 
the change from the usual date of meeting, as the first 
Monday to April is Easter Monday. 


RAMSAY MEMORIAL FUND. 

To thi Editor of thi Chtmical News, 

Sir,— I desire to commend to the citizens of London the 
appeal which I am issuing in support of the Ramsay 
Memorial Fund. That fond aims at raising £100,000 as 
a suitable memotial to the great chemist, Sir William 
Ramsay, who was for twenty-six years connected with 
London through his work as a Professor of Chemistry at 
University College. The memorial will take the form of 
Fellowships in Chemical Science, with special reference to 
Industry and Technology, tenable in any Institution pos- 
sessing the necessary accommodation and equipment, and 
of a Laboratory of Engineering Chemistry in connection 
with University College. Both objects are of the highest 
scientific importance, and it is fitting that London should 
make a substantial contribution, both in recognition of the 
honour broegbt to London by the connection with it of so 
distinguished a man of science as the late Sir William 
Ramsay and on account of the benefits which will accrue 
to the many industrial interests in London through the 
proposed Fellowships and Laboratory of Engineering 
Chemistry. Such an effort cannot fail to have a great 
significance as an essential element in reconstruction after 
the War. 

Donations towards the London Fund of the Ramsay 
Memorial Appeal may be sent to me at the Mansion 
House.— I am, &c., 

Chas. A. Hanson, Lord Mayor. 

The Mansion House, London, E.C, 4. 

March 8, 1918. 


City ok London Committee. 


Lkasrman . — The Lord Mayor of London (the Right 
Hon. Charles Augustin Hanson, M.P.) 

Commit tn . — Alderman Sir Walter Wilkin, K.C.M.G. ; 
Alderman the Right Hon. Sir T. Vezey Strong, K.C.V.O.! 
K.B.E. ; Alderman Sir Charlea Wakefield, Bart. ; Aider- 
man Sir John Humphery ; Alderman George Briggs ; 
Captain and Sheriff G. Rowland Blades ; Mr. Sheriff H. F. 
Hepburn ; the Chairman of the Council of the London 
Chamber of Commerce (Lionel A. Martin, Esq. ; the 
Chairman of the British Empire Producer’s Organisation 
(C. Sandbach Parker, Esq.); Sir Ralph Collingwood 
Forster, Bart.; Sir Boverton Redwood, Bart., D.Sc.. 
F.R.S.E.; Sir Archibald Williamson, Bart., M.P. ; Sir 
Stanley Bois; Sir William Pearce, M.P. ; Sir Edward 
Roaliog; H. R. Beeton, Esq.; A. Chaston Chapman. 
Esq., F.I.C., F.C.S. ; W. Bruce Dick, Esq. ; C. J. Long- 
man, Esq. ; H. J. M or land, Esq. ; John C. Nicholson, 
Esq. ; W. H. Peat, Esq. ; Stuart A. Russell, Esq. ; E. T. 
Wilks, Es«j. 

Organising Stcntary .— Walter W. Seton, Esq., M.A., 
D.Lit. 


By the death in July. 1916, of Professor Sir William 
Ramsay, K.C.B., F.R.S., Science throughout the world 
suffered the loss of one of its most brilliant and distin- 
gue* leaders. For thirty five years Sir William Ramsay 
occupied a foremost place in the ranks of scientific investi- 
gators, and bis discoveries in the realm of Chemical Science 
had earned for him a world- wide reputation. 

Sir William Ramsay spent twenty-six years of bis pro- 
fessorial career at University College, London, and it was 
during those years that his most important scientific dis- 
coveries were made. His long association with London 
as a teacher and as a discoverer and a director of scientific 
research have reflected honout upon the City and the 
University of London. 

A Memorial Committee, under the Presidency of the 
Right Hon. II. H. Asquith, was formed in October, 1916, 
at a meeting held at University College, London. The 
Executive Committee then appointed have resolved to aim 
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at raiding a sum of £100,000, but it ;s muc nope that ific 
amount raised will be in excess of that sum. 

The final form of the memorial will, in accordance with 
the terms of the main resolution passed at the Memorial 
Meeting, be submitted to the subscribers to the fund, and 
it will necessarily depend to a large extent upon the 
response which is made to the appeal. The Executive 
Committee have held several meetings at which careful and 
detailed consideration has been given to various alterna- 
tive schemes for the proposed memorial which have been 
put forward. They consider, however, that there are two 
principal objects to which the 1 irger part of the fund raised 
should be devoted, namely — 

(i.) The provision of Ramsay Research Fellowships, 
tenable wherever the necessary equipment may be 
found, and 

(ii.) The establishment of a Ramsay Memorial Labora- 
tory of Engineering Chemistry in connection with 
University College, London. 

The execution of these two projects, which are desciibed 
in more detail below, does not, in the opinion of the Com- 
mittee. preclude the utilisation of smaller sums for other 
suitable forms of memorial, such, for example, as the pro- 
vision of a portrait for the National Portrait Gallery, or the 
placing of a bust or medallion in some suitable place, or 
the institution of an annual award of a Ramsay Gold 
Medal for Chemical Research. 

Towards these objects a sum of over £30,000 has 
already been collected. Co operating Committees have 
been formed for the purpose of collecting funds in 
Glasgow, in the principal British Colonies and Depen- 
dencies, and in many Allied and Neutral countries. 

It appears desirable that a substantial sum should be 
raised in the City of London as a contribution to the 
Ramsay Memorial Fund. London has benefited largely 
in the past through Sir Wiiiiam R imsay’s connection With 
this City. London will benefit more directly than any 
other city in the rroposed Memorial ns the Laboratory of 
Engineering Chemistry wiii be in London and the Fellow- 
ships will be tenable in London, as well as elsewhere. 
Subscribers may earmaik their subscri) tions for either of 
the two purposes suggested above if they so desire. All 
desiring to subscribe are invited to send their contribution 
or promise to me at the Mansion House. A subscription 
form and envelope are enclosed for the rurpose. Cheques 
should be drawn in favour of the Ramsay Memorial 
Fund and crossed London City and Midland Br.nk, Tot- 
tenham Court Road Branch. 

Chas. A. Hanson, Lord Mayor. 

THE COMBINED UNIVERSITIES 
CONSERVATIVE AND UNIONIST ASSOCIATION. 

To the Editor of the Chemical News. 

Sir, — At a meeting of graduates of the Universities of 
Durham, Manchester, Liverpool, Leeds, Sheffield, 
Birmingham, and Bristol, held in London on Tuesday, 
March 12, it was decided to form a Conservative and 
Unionist Association for the new University Constituency, 
which comprises the above mentioned universities. 

It is the object of the Association to do all in its power 
to further the interests of education, and, in particular, of 
higher education, while at the same time giving support 
to those fundamental political principles denoted by its 
title. 

A Provisional Committee including the following 
officers was appointed : — Sir Maurice Abbot-Anderson, 
M B., BSc., M V O., Chairman ; Prof. J. Wemyss 
Anderson, M Eng., Hon. Treasurer ; Mr. Herbert G. 
Williams, M Sc., M Eng., Hon. S -crt-i ry. 

It is proposed to elect a lady to fit! the office of Vice- 
Chairman, but unfortunately none of the ladies present at 
the meeting could see their way to accept the office. 

It is hoped to rectify this omission at an early date. 

As no complete list of addresses of the graduates is 


available, may I ask the kind hospitality of your columns 
for the purpose of inviting all graduates of the seven 
universities, who approve of our action, to communicate 
with me, slating their university and degree. I am, &c., 

Herbert G. Williams, Hon Secretary. 

130, Ashley Gardens, S.W. i. ( 

March 14, i< y i8. 


CHEMICAL FERTILISERS. 

To the Editor of the Chemical News. 

Sir, — May I take the liberty to ask one of your cor- 
respondents for a little information ? I am a Belgian 
chemical fertiliser manufacturer, driven into exile and 
forced idleness through our common foe, who, after having 
dismounted the machinery, has just blown the place to 
pieces. In these conditions, as I shall have to rebuild a 
new plant, I should like also to try to make some products 
I did not produce before. 

Consequently, I should be greatly obliged if you could 
let me know where I could find some information con- 
cerning the Haber process for the fixation of nitrogen and 
the Caro process for the manufacturing of calcium nitrate. 

I think there must exist some literature about these 
processes. I hope I have not asked an impossibility, and 
thanking you in inticipation, I am, &c., 

Alb. Blomme. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 

Comptes Rendus Hebdomadaires des Seances de V Academie 
des Sciences. Vol. clxv., No. 27, December 31, 1917. 
This number contains no chemical matter. 

Vol. clxvi, No. 1, January 7, 1918. 

New Method of Preparing Aromatic Nitriles by 
Catalysis. Alphonse Maiihe. — When vapouis of methyl 
benzoate mixed wah ammonia are passed over thorium 
ixide heated to 450-470', a liquid is obtained which 
separates into two layers. One of these, which is 
aqueous, has an aldtbydic reaction, and is formed by the 
decomposition of metn\I alcohol into formaldehyde and 
hydrogen. The other layer when submitted to distilla- 
tion yields benzonitrile, C6H5CN. The reaction, which 
provides a convenient method of preparing benzonitrile, 
is C6H 5 CO.OCH 3 -f NH, = C6H 5 CN + H 2 0 + CH 3 0 H. A 
similar reaction occurs when ethylbenzoate ir used, and 
ortho- and para toluol nitriles and phenylacetonitrile can 
be made in the same way. 

Distillation of Cellulose and Starch in a Vacuum. 
—“Arne Pictet and J. Sarasin. — When pure cellulose is 
gradually heated under a pressure of 12 to 15 mm. a 
small quantity of water passes over, and then between 
200° and 3oo°a heavy yellow oil is obtained, wh ch sets to 
a pasty semi crystalline mass. About 10 per cent of char- 
coal remains in the retort. The pasty mass forms about 
45 per cent of the cellulose used. After it has been 
purified it gives white tabular crystals, the properties ol 
which agree in all respects with those of Tanret’s leevo- 
glucosane. Search behaves exactly like cellulose when 
distilled undtr reduced pressure. 


Centrifugal Machines. - Messrs. A. Galienkamp and 
Co., Ltd., have recently issued new lists of their centrifugal 
machines, some types of which will be found of special 
value in industrial laboratory work. They have also pub- 
lished a pamphlet (No. iqi- on viscometers and flash- 
point a-pdr itus, in whteh dirKc nt forms of apparatus are 
illustrated and de.uibcd and lull dnections are given (of 
use. The firm will be pleased to ^erd copies of these 
lists upon npj lication to their offices at 19— 21, Sun 
Street, Finsbury Square, E.C. 2. 
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8PBCIAL NOTICE TO 8UBSCRIBER8. 

We regret to announce that the recent paper 
restrictions will compel us for a period, until we 
can secure our usual supply of paper, to publish the 
Chemical News fortnightly instead of weekly. 

The price will not be altered, except as regards 
the subscription price, which, until further notice, 
will be calculated at £i for fifty-two numbers, or 
pro rata. 

Subscribers will please note that the respective 
expiration dates of their subscriptions will be 
extended accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their extended 
subscription periods. 

The next Issue (No. 8065) will bo published on 
April 12th. 


FURTHER REMARKS ON THE ENERGY 
THEORY OF MATTER. 

By H STANLEY RBDQROVK. B.Sc. (Lood }, P C S 

1. Comsioseasle interest attaches to Mr. Vliet’s attempt 
to calculate the contribution of the carbon and hydrogen 
atoms and bonds towards the molecular beau of com- 
bustion of their compounds (“ The Energy Theory of 
Matter,” Chemical News, 1018, cavil., 118). Un 
fortunately, however, as 1 shall proceed to show. Mi. 
Viiet*s calculations involve a mathematical fallacy which 
invalidates his retol is completely. The argument by which 
be proves thst 4H 4L t -C - o is both ingenious and 
sound. (For the meaning of the symbols employed see 
my paper “A Contfibutton to the Energy Theory of 
Matter,” Chemical News. 1917, cxvi., 37, 01 Mr. Vnet’s 
contribution referred to above). The error consists in 
supposing that this constitutes a new equation in addi- 
tion to— 

C+4H - 210*8 cals. 

2C+6H + L1 - 369*0 csls. 

—by means of which these aquations can be solved for C, 
H, and L f . For— 

7(C+ 4 H)- 4 (2C+6H + L») - 4H-4U-C. 

That is to say, Mr. Vliet’s new equation is not a new 
aquation, but merely a combination of the two original 
equations. That its value is zero— or practically scro — 
can at ooca be deduced from these two equations. 
T hu s— 

4 H- 4 Lt-€ - 7(C+4H)-4(*C+6H4-L,) 

■ 7« 210 8 cals. - 4 x 369 o cala. 

• —o*4 csls. • 

lo other words, the equations — 

C+4H • 210*8. 

2C+6H + L1 • 369*0, 

4H —4 Li - C • o, 

— are indeterminate, and the solution Mr. Vlist gives is 


only one out of an infinite number of possible solutions. 
For instance, — 

C-o, H.53 7. L, -52 7, 

—satisfies the equations just as well as Mr. Vjiet's values, 
namely,— 

C- 210*8, H-o, Li -52*7. 

Hence the further knowledge requisite to the calcula- 
tion of the values of these constants is not supplied by Dr. 
Thornton's observation, thst the M.H.C. of a saturated 
hydrocarbon divided by the number of oxygen atoms 
required foe the combustion of one molecule of that 
bydrocatbon is constant, upon which Mr. Vliet's com- 
putation is based ; and the values of the constants in 
ques.ion remain indeterminate. 

2. It is just because 7(C + 4H)— 4(aC+6H + Li) - 
practically aero, or, in other words, because the M.H.C. 
of ethane is practically seven-fourths that of methane, 
that the M.H.C. of a saturated hydrocarbon divided by 
the number of oxygen atoms required lor the combustion 
of one molecule of that bydrocatbon is constant. Con- 
sequently, there is no profound significance attaching to 
this fact, as Dr. Thornton appears to think. I should 
mention that in the paper referred to by Mr. Vliet (PArf. 

1917, xxaiii., 196 it. i#f), Dr. Thornton en- 
deavours to show thst this constancy holds, not only for 
saturated hydrocarbons, but for other organic compounds 
as well. The tables be has compiled do not, however, 
bear out bis contention, the quotient (M.H.C. -i- No. of 

0 atoms requirad) showing very large variations from con- 
stancy indeed. Moreover, wbat degree of cooataocy it 
shown (apart from the casa of saturated hydrocarbons, 
when the quotient is constant for the reason stated above) 
is largely spurious, and tbs result of Dr. Tboroton's 
method of exhibiting bis results. 44 Tba proof of the 
pudding is in the eating or, to put it more philosophi- 
cally, the pragmatic test is the scientific oat. Il the 
quotient in question is constant for all the types of organic 
bodies Dr. Thornton enumerates, it ought to be possible, 
having determined its average or most probable value, to 
calculate by means of it the molecular heats of com- 
bustion of all the bodies in question. This is one method 

1 have invariably adopted for testing my own theorist 
concerning physico-chemical properties, and it affjrds, I 
submit, a very necessary criterion. Now, if Dr. Thornton, 
or anyone else who may be interested, will carry out the 
needed arithmetic, be will at once see, in view of the very 
large divergences between calculated and experimental 
results in numerous instances, the futility of Dr. 
Thornton’s contention. 

Further, as regards Dr. Thornton’s paper, it should be 
noted that be commences by asserting the values of C and 
H (not including C.H), in spite of the fact that it baa 
been proved that the values of these constants are— in the 
present state of knowledge, at any rate, — indeterminate. 

3. Three hypotheses can Be made concerning the com- 
position of bodies. I do not say they exhaust tbs pos- 
sibilities, but they seem the most promising from the 
physico-chemical standpoint. They arc : — 

(t) Bodies are made up of atoms only. 

(a) Bodies are made up of atoms plus valency-bonds or 
energy-units. 

(3 Bodies ere made up of snergy-unita— the so-called 
valency-bonds — only. 

Hypothesis x aopears to be the atomic theory in its 
original form before undergoing the evolution into its 
present condition. Were it true, physico-chemical pro- 
perties should invariably be ** additive ” in the strict 
sense, and no energy change should accompany any 
chemical reaction. It is, of course, quite untenable ; but 
it appears to be the ides underlying the older method of 
calculating physico-chemical constants, according to which 
the influences of such links as the C.C, C.H, Ac., on 
physico-chemical properties were neglected, and •* on- 
saturated " bodies— which, consequently, would not fall 
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into line — were treated as exceptional. (The method of 
calculating thermo-chemical constants, devised by Julius 
Thomsen, though fallacious, as I have shown in an 
appendix to my “ On the Calculation of Thermo-chemical 
Constants,” 1909, must be excepted from the above state- 
ment). In past papers in the Chemical News and in the 
above-mentioned book, I have, I hope, sufficiently ex- 
posed the fallacy of this method as to render further 
criticism of it unnecessary. 

Hypothesis 2 is the “safest” of the three hypotheses, 
because, in a sense, it includes the other two. It is the 
hypothesis underlying my own method of calculating the 
values of physico-chemical properties of an additive or 
partly additive nature, by means of the so-called “ funda- 
mental constants,” as explained in the papers and the 
work referred to above. I used to hope that, although the 
values of the isolated atoms and bonds were at the moment 
indeterminate, some new knowledge might, in the future, 
render their calculation possible. I now begin to doubt 
this, so long as the hypothesis in question is adhered to. 
For, in accordance with this hypothesis, isolated atoms 
and isolated bonds are nOn-existent — unless, as concerns 
the former, monatomic gases constitute a case in point. 
Whilst the "fundamental constants,” C+4H, aH-Li, 
&c., refer to real phenomena, real operations, Of com- 
binations of such, the separate symbols do not; they 
represent, not reality, but an arbitrary analysis of reality 
by the mind. 

Hypothesis 3, which is the 11 energy theory of matter ” 
as formulated in my previous paper on the topic, pro- 
vides a way of escape from this state of indeterminateness. 
According to it, for instance, C.H indubitably represents 
reality, for methane is no longer a compound of C and H 
(I am here using the symbol H to stand tor the hydrogen 
atom alone) only— as on the first hypothesis — or of C, H, 
and C.H — as on the second — but of C.H alone. It is com- 
posed entirely of the energy-units represented by C.H. It 

MC-H). 

But if the equations— 

C + 4 H-a 
2C + 6H + L1 ■ b 

(when a and b are known numerical quantities) — are in- 
determinate, why, it may well be asked, assume C-o, 
which is what the u energy theory of matter ” seems to do, 
rather than any other number? The reason I have 
explained in the previous paper already referred to; 
but it may be as well to amplify it on the present 
occasion. If we know the number and sort of 
valency-bonds which constitute a body according to 
hypothesis 3, or are present in it according to hypothesis 
2, then it is possible to calculate the number and sort of 
atoms it also contains according to the latter hypothesis, 
or which entirely constitute it according to hypothesis 1. 
But the converse is not true . Hence, if we know the 
number and sort ot valency -bonds, we can calculate, by 
assigning a constant value to each sort, the value of any 
physico-chemical property of a body of known constitution 
(according to hypotheses 2 or 3), which is strictly additive 
(».#., depends only upon the number and sort of atoms 
present according to hypotheses 1 and 2; s,g., molecular 
weight), or partly additive (s.*., depends upon both the 
number and sort of atoms present according to 
hypotheses 1 and 2, as well as upon the valency- 
bonds postulated by the latter; t.g., molecular heat of 
combustion, molecular heat of formation, molecular 
refractivity, molecular dispersion, molecular volume, &c.). 
In other words, all su-h properties of bodies are functions 
of the number and sort of valency-bonds present in, or 
constituting, them. On the other hsnd, we cannot cal- 
culate the value of any such property — but only that of a 
strictly additive property — if we know only the number and 
sort of atoms in the body, and neglect the valency-bonds. 
We may neglect tbe atoms, but not the bonds. Thus, 
frqtn the physico-chemical standpoint — or, at any rate, so 
far as tbe physico-chepiical properties in question are con- 


cerned-bodies behave as if they were made up purely of 
valency-bonds ; and I do not know what test other than 
behaviour can be applied to determine whether they are 
so constituted. The one difficulty that does present itself 
is the case of monatomic gases. Study of their physico- 
chemical properties should prove of importance in this 
connection. But in any case the question arises. What 
constitutes the difference between atom and molecule in 
tbe case of such a gas ? 

In conclusion, 1 would say that of all the possible 
hypotheses by means of which additive and partly additive 
physico-chemical properties of bodies may be calculated, 
that based on the “ energy theory of matter ” appears to be 
tbe simplest, and, so far as actual results go, the values of 
such properties calculated by means of it are identical with 
those given by the more elaborate method of "funda- 
mental constants.” And I would repeat that “ tbe proof 
of tbe pudding is in tbe eating.” 

West Him Municipal Technical Institute, 

Stratford, Essex. 


SOME COTTON SEED PRODUCTS IN RELATION 
TO PRESENT DAT NEEDS.* 

By El. C.db SEGUNDO, A.M.LC.E,, M.I.Msch.E.. M.I.E.E. 

Attention was directed to the value of certain products 
obtainable from cotton seed — and more particularly that 
of the " Upland ” or " Woolly ” varieties — in dealing with 
some of the economic problems which, as a direct conse- 
quence of the war, have become acute, but which would, 
in any event, have had to be faced sooner or later : — 

1. In relation to tbe production from the kernels of the 
cotton seed, when separated from the containing envelope, 
of a grade of edible oil admittedly superior to that 
obtained by the method now practised in Great Britain, 
and pre-eminently suitable for the manufacture of the 
highest qualities of margarine and artificial lard. 

2. In relation to the employment of the residue of the 
kernels after expression of the oil, in the manufacture of 
flour containing about five times the food value of wheat 
flour, for admixture with wheat flour and for other dietetic 
purposes. 

3. In relation to tbe utilisation of the hitherto neglected 
short cotton fibres remaining upon the shell of the woolly 
varieties of cotton seed after ginning for the manufacture 
of explosives, paper, artificial silk, cellulose acetate, and 
other cellulose derivatives. 

The two main categories into which cotton seed may, for 
practical purposes, be divided were outlined, and the salient 
features of the British and American systems of milling 
cotton seed reviewed. Figures were quoted in support of 
the view that the best practice in each system indicates a 
higher percentage extraction of a superior grade of oil is 
obtained by the American method than by the British 
method. 

The important influence upon the industrial value of tbs 
woolly varieties (when treated by the American method) 
of recently introduced mechanical devices for turning to 
commercial account the short cotton fibres above referred 
to was dealt with, and it was pointed out that hitherto these 
short cotton fibres had been practically wasted in the 
United States, and that on the British system they still 
continue to be incorporated in the residue of the seed 
(after the oil has been expressed) which is employed as a 
feed for cattle, and that the presence of cotton fibre in 
such feed detracts from its food value. 

Samples were exhibited of these short eotton fibres, 
of which many thousand tons have already been employed 
in the United States for the manufacture of explosives, 
and of which increasing quantities, imported from the 


* Abatract of a Paper read before the Society of Chemical Industry 
(London Section), March 25, 1918. 
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United States, were being used in Great Britain up to the 
ootbreak ot the war in the manufacture of high-grade 
paper. Samples of bread made from a mixture of cotton 
aaed floor and wheat flour were also shown. 

Reasons are adduced for the backward and unscientific 
position, taken as a whole, of the British seed crushing 
industry, and attention was called to the fact that whereas 
in the year 1905 British oil mills crushed 94*4 per cent of 
the cotton seed produced in Egypt, the proportion bad 
sunk in 1913 to 51*6 per cent, owing to the expansion of 
the seed crushing industry in Germany which bad also 
then succeeded in practically monopolising the crushing 
of the richer oil bearing seeds. 

It was pointed out that the spinning industry of Lancashire 
is seriously menaced by the rapidly increasing proportion 
of cotton grown in the United States that is being spun 
in American mills, and by a similar movement in India 
(and also by the increasing exports of cotton from India 
to Japan), and attention was drawn to the immense areas 
within the Empire — notably in the Anglo- Egyptian Sudan 
—where the cultivation of cotton has already been proved 
to be commercially practicable. 

The advantages, both financial and industrial, which 
would attend the organisation of the cotton growing and 
the cotton seed milling industries on proper business and 
scientific lines were dwelt upon ; it was recommended that 
those in authority seriously examine into the advantages 
offered by the American method of milling cotton seed 
(particularly in view of the now commercially proved 
devices for recovering the hitherto neglected short cotton 
fibres on the woolly varieties of seed) with a view to pro- 
mote the welfare of the industries above referred to, for 
the expansion of which literally unlimited opportunities 
will offer upon the conclusion of the war. 


THE COMPLEXITY OF THE CHEMICAL 
ELEMENTS.* 

By Prof FREDERICK SODDY. M A , F.R.S. 

The elemaots of the chemist are now known to be complex 
in three different senses. In the first sense the complexity 
is 00a that concerns the general nature of matter, and, 
therefore, of all the elements in common to greater or less 
degree. It follows from the relstions between mstter and 
electricity which have developed gradually during the past 
century as the result of experiments made and theories 
born within the four walls of this Institution. Associated 
initially with the names of Davy and Faraday they have 
only in these days come to full fruition as the result of 
the very brilliant elucidation of the real nature of electricity 
by your distinguished Professor of Physics, Sir Joseph 
Thomson. Such an advance, developing slowly and fitfully, 
with long intervals of apparent stagnation, needs to be 
reviewed from generation to generation, disentangled from 
the undergrowth that obscures it, and its clear conclusions 
driven home. This complexity of the chemical elements 
is a consequence of the condition that neither free elec- 
tricity nor free matter can be studied alone, except in very 
special phenomena. Our experimental knowledge of 
matter in quantity is necessarily confined to the complex 
of matter and electricity which constitutes the material 
world. This applies even to the “ free ” elements of the 
chemist, which in reality are no more free then than they 
are in their compounds. The difference is merely that, 
whereas in the latter the elements are combined with other 
elements, in the so-called free state they are combined with 
electricity. I shall touch but briefly on this first aspect, 
as in principle it is now fairly well understood. But its 
consistent and detailed application to the study of chemical 
character is still lacking. 

The second sense in which the elements, or soma of them 

* A paper read before the Royal Inatitutioe, May 18, 1917 
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at Isast, are known now to be complex has, in sharp con- 
tract to the first, developed suddenly and startlingly from 
the recognition in radioactive changes, of different radio- 
elements. non separable by chemical means, now called 
isotopes. The natural corollary o( this is that the chemical 
element represents rather a type of element, the members 
of the type being only chemically alike. Alika they are 
in most of those properties, which were studied prior to 
the last decade of last century, and which are due, as we 
now think, to the outer shells of the atom, so alike that 
all the criteria, hitherto relied upon by the chemist as being 
the most infallible and searching, would declare them to 
be identical. The apparent identity goes even deeper 
into the region reached by X-ray spectrum analysis which 
fails to distinguish between them. The difference is found 
only in that innermost region of all, the nucleus of the 
atom, of which radioactive phenomena first made us aware. 

But though these phenomena pointed the way, and 
eaaily showed to be different to what the chemist and 
spectroscopist would have decided to be identical, it did 
more. It showed that although the finer and newer 
criteria, relied upon by the chemist in his analysis of 
matter, most of necessity fail in these cases, being ulti- 
mately electrical in character, yet the difference should be 
obvious in that most studied and distinctive characteristic 
of all— the criterion by which Dalton first distinguished 
the different kinds of atoms— the atomic weight. Thoee 
who have devoted themselves to the exact determination 
of these weights have now confirmed the difference in two 
separate cases, which, in absence of what perhaps they 
might regard as “ preconceived notions,** they were unable 
to discover for themselves. This is the experimental de- 
velopment to which I wish more especially to direct your 
attention. It indicates that the chemical analysis of matter 
is, even within its own province, superficial rather than 
ultimate, and that there are indefinitely more distinct 
elements than the ninety two possible types of element 
accommodated by the present periodic system. 

The third sense in which the elements are known to be 
complex is that which, in the form of philosophical specu- 
lations, has come down to us from the ancients, which 
inspired the labours of the slchemists of the Middle Ages, 
and which in the form of Proofs hypothesis has reappeared 
in scientific chemistry. It is the sense that denies to Nature 
the right to be complex, and from the earliest times, faith 
out-stripping knowledge, has underlain the belief that all 
the elements must be built op of the same primordial stuff. 
The facts of radioactive phenomena have shown that all 
the radio-elements are indeed made up out of lead and 
helium, and this has definitely removed the question from 
the region of pure speculation. We know that helium is 
certainly a material constituent of the elements in the 
Proutian sense, and it would be harmless, if probably 
fruitless, to anticipate the day of fu ler knowledge by atom 
building and unbuilding on paper. Apart altogether from 
this, however, the existence of isotopes, the generalisation 
concerning the Periodic Law that baa arisen from the study 
of radioactive change on the one band and the spectra of 
X-rays on the other, and experiments on the scattering of 
• particles by matter, do give os for the first time a definite 
conception as to what constitutes the difference between 
one element and another. We can say how gold would 
resolt from lead or mercury, even though the control of the 
processes necessary to effect the change still eludes us. 
The nuclear atom proposed by Sir Ernest Rutherford, even 
though admittedly it is only a general and incomplete 
beginning to a complete theory of atomic structure, enor- 
mously simplifies the correlation of a large number of 
diverse facts. This and what survives of the old electronic 
theory of matter, in so far as it attempted to explain the 
Periodic Law, will therefore be briefly referred to in con- 
clusion. 

The Fra Element a Compound 0 / Matter and Electricity. 

Although Davy and Faraday were the contemporaries 
of Dalton, it must be remembered that it took chemists 


Complexity of the Chemical Elements. 


Digitized by ^.ooQle 





148 


Complexity of the Chemical Elements. { 


fifty years to pat the atomic theory on a definite and un- 
assailable basis, so that neither ot these investigators had 
the benefit ot the very clear view we hold to-day. Davy 
was the originator of the first electro-chemical theory of 
chemical combination, and Faraday’s dictum, 44 the forces 
of chemical affinity and electricity are one and the same,” 
it is safe to say, inspired all the modern attempts to redoce 
chemical character to a science in the sense of something 
that can be measured quantitatively, as well as expressed 
qualitatively. Faraday’s work on the laws of electrolysis 
and the discovery that followed from it, when the atomic 
theory came to be fully developed, that all monovalent 
atoms or radicles carry the same charge, that divalent 
atoms carry twice this charge and so on, can be regarded 
to-day as a simple extension of the law of multiple pro- 
portions from compounds between matter and matter to 
compounds between matter and electricity. Long before 
the electric charge had been isolated, or the properties of 
electricity divorced from matter discovered, the same law 
cf multiple proportions which led, without any possibility 
of escape, to an atomic theory of matter, led, as Helm- 
holtz pointed out in his well known Faraday lecture to the 
Chemical Society in this Theatre in 1881, to an atomic 
theory of electricity. 

The work of Hittorf on the migration of ions, the bold 
and upsetting conclusion of Arrhenius that in solution 
many of the compounds hithtrto regarded as most stable 
exist dissociated into ions, the realisation that most of the 
reactions that take place instantaneously, and are utilised 
for the identification of elements in chemical analysis, are 
reactions of iens rather than of the element in question, 
made very familiar to chemists the enormous difference 
between the properties of the elements m the charged and 
in the electrically neutral state. 

More slowly appreciated, and not yet perhaps sufficiently 
emphasised, was the unparalleled intensity of these charges 
in comparison with anything that electrical science can 
show, which can be expressed tritely by the statement ttiat 
the charge on a milligram of hydrogen ions would raise 
the potential of the world 100,000 volts. Or, if we con- 
sider another aspect, and calculate how many free hydro- 
gen ions you could force into a bottle without bursting it, 
provided, of course, that you could do so without dis- 
charging the ions, you would find that, were the bottle of 
the strongest steel, the breech of gun, for example, it 
would burst, by reason of the mutual repulsion of the 
charges, before as much was put in as would, in the form 
of hydrogen gas, show the spectrum of the element in a 
vapuum tube. 

Then came the fundamental advances in our knowledge 
of the nature of electricity, its isolation as the electron, 
or atom of negative electricity, the great extension of the 
conception of ions to explain the conduction of electricity 
through gases, the theoretical reasoning, due in part to 
Heaviside, that the electron must possess inertia inversely 
proportional to the diameter of the sphere on which it is 
concentrated by reason of the electro-magnetic principles 
discovered by Faraday, leading to the all-embracing 
monism that all mass may be of electro magnetic origin. 

This put the coping-stone to the conclusion that the 
elements as we apprehend them in ordinary matter are 
always compounds. In the 11 free ” state they are com- 
pounds of the element in multiple atomic proportions with 
the electron. The ions, which are the real chemically un- 
combined atoms of matter, can no more exist free in 
quantity than can the electrons. 

The compound may be individual as between the atom 
and the electron, or it may be statistical, affecting the total 
number merely of the opposite charges, and the element 
presumably will be an insulator or conductor of electricity 
accordingly. Analogously, with compounds, the former 
condition applies to unionised compounds, such as are 
met with in the domain of organic chemistry, or ionised, 
as in the important clashes of inorganic compounds, the 
acids, bases, and salts. Just as the chemist has long re- 
garded the union of hydrogen and chlorine as preceded by 
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the decomposition of the hydrogen and chlorine molecule, 
so he should now further regard the union itself as a de- 
composition of the hydrogen atom into the positive ion 
and the negative electron, and a combination of the latter 
with the chlorine atom. 

One of the barriers to the proper understanding and 
quantitative development of chemical character from this 
basis is, perhaps, the conventional idea derived from 
electrostatics, that opposite electric charges neutralise one 
another. In atomic electricity or chemistry, though the 
equality of the opposite charges is a necessary condition 
for existence, there is no such thing as neutralisation, or 
the electrically neutral state. Every atom being the seat 
of distinct opposite charges, intensely localised, the state 
of electric neutrality can apply only to a remote point out- 
side it, remote in comparison with its own diameter. We 
are getting back to the conception of Berzelius, with some 
possibility of understanding it, that the atom of hydrogen, 
tor example, may be strongly electro-positive, and that of 
chlorine strongly electro negative, with regard to one 
another, and yet each may be electrically neutral in the 
molar sense. Some day it may be possible to map the 
electric field surrounding each of the ninety-two possible 
types of atoms, over distances comparable with the atomic 
diameter. Then the study of chemical character would 
become a science in Kelvin's sense, of something that 
could be reduced to a number. But the mathematical con- 
ceptions and methods of attack used in electrostatics for 
macroscopic distances ate ill-suited for the purposes of 
chemistry, which will have to develop methods of its own. 

We have to face an apparent paradox that the greater 
the affinity that binds together the material and electrical 
corstituents of the atom the less is its combining power in 
the chemical sense. In other words, the chemical affinity 
i« in inverse ratio to the affinity of matter for electrons. 
The helium atom9 offer a very simple and instructive case. 
Helium is non-valent and in the zero family, possessing 
absolutely no power of chemical combination that can be 
detected. Yet we know the atom p ssesses two electrons, 
for in radioactive change it is expelled without them as 
the a-particle. The discharge of electricity through it and 
pot>iuve-ray analysis show that the electrons, or certainly 
one of them, are detachable by electric agencies, although 
not by chemical agencies. One would expect helium to 
act as a diad, forming helides analogous to oxides. 

Prof. Armstrong for long advocated the view that thesa 
inert gases really are endowed with such strong chemical 
affinities that they are compounds that have never been 
decomposed. They certainly have such strong affinities 
for electrons that the atom, the complex of the -f inn and 
electrons, cannot be decomposed chemically. Yet, iu 
this case, where the affinity of the matter for the election 
is at a maximum, the chemical combining power is 
absent. 

These gases seem to furnish the nearest standard we 
have to electric neutrality in the atomic sense. The nega- 
tive charge of the electrons exactly satisfies the positive 
charge of the matter, and the atomic complex is chemi- 
cally, because electrically, neutral. In the case of the 
electro-positive elements, hydrogen and the alkali-metals, 
one electron more than satisfies the positive charge on the 
ion, and so long as the equality of opposite charges is not 
alt red, the electron tries to get away. In the case of the 
electro-negative elements, such sb the halogens, the nega- 
tive charge, though equal presumably to the positive, is 
not sufficient to neutralise the atom. Hence these groups 
show strong mutual affinity, one having more and the 
other less negative electricity than would make the system 
atomically neutral like helium. The electron cxilains 
well the merely numeiical aspect of valency. But chemi- 
cal combining power itself seems to require the idea that 
equal and opposite charges in the atomic sense are only 
exactly equivalent in the case of the inert gases. None 
of these ideas are now new, but their consistent applica- 
tion to the study of chemical compounds seem curiously to 
bang first as though something wete still lacking. 
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It it to difficult for the chemist consistently to realise 
that chemical affinity is due to a dissociating as well as to 
a combining tendency and is a differential effect. There 
is only one affinity probably, and it is the same as that 
between oppositely charged spheres. But, atomic charges 
being enormous and the distances over which they operate 
in chemical phenomena being minute, this affinity is 
coloeaal, even in comparison with chemical standards. 
What the chemist recognises as affinity is due to relatively 
alight differences between the magnitude of the universal 
tendency of the electron to combine with matter in the 
case of the different atoms. Over all is the necessary 
condition that the opposite charges should be equivalent, 
but thia being satisfied, the individual atoms display the 
tendencies inherent in their structure, some to lose, others 
to gain electrons, in order, as we believe from Sir Joseph 
Thomson's teaching, to accommodate the number of 
electrons in the outermost ring to some definite number. 
Chemical affinity needs that some shall lose as well as 
others gain. Chemical union is always preceded by a 
dissociation. The tendency to combine only is specific to 
any particular atom, but the energy and driving power of 
combination is the universal attraction of the + for the — 
change of matter for the electron. 

Tht EUctrical Theory of Matter . 

Another barrier that undoubtedly exists to the better 
appreciation of the modern point of view, even among 
those most willing to learn, is the confusion that exists 
between the earlier and the present attempt to explain the 
relation between matter and electricity. We know nega- 
tive electricity apart from matter as the electron. We 
know positive electricity apart from the electron, the 
hydrogen ion, and the radiant helium atom or a-particleof 
radioactive change for example, and it it matter in the free 
or electrically uncomhined condition. Indeed, if you want 
to find matter free and uncombined, the simple elementary 
particle of matter in the sense of complexity being dis- 
cussed, you will go, paradoxically, to what the chemist 
terms a compound rather than to that which he terms the 
free element. If this compound is ionised completely it 
constitutes the nearest approach to matter in the free state. 
Thus all acids owe their common acidic quality to really 
free hydrogen, the hydrogen ion, a particle more different 
from the hydrogen atom than the atom is from the hydro- 
gen molecule. 

Positive electricity is thus emphatically not the mere 
absence of electricity, and any electrical tbeoty of matter 
purporting to explain matter in terms of electricity does so 
by tba palpable sophistry of calling two fundamentally dif- 
ferent things by the same name. The dualism remains 
whethar you speak of matter and electricity, or of positive 
and negative electricity, and the chemist would do well to 
stick to his conception of matter until the physicist has 
got a new name for positive electricity which will not con- 
lose it with the only kind of electricity that can exist 
apart from matter. 

Oo the other hand, the theory of the electro-magnetic 
origin of mass or inertia is a true monism. Iu tries to 
explain consistently two things — the inertia of the electron 
and the inertia of matter — by the same cause. The inertia 
of the former being accounted for by the well-known 
electro-magnetic principles of Faraday, by the assumption 
that the charge on the electron is concentrated into a 
sphere of appropriate radius ; the 3000 fold greater inertia 
of the hydrogeo ion, for example, can be accounted for 
by shrinking the sphere to one-two-thousandth of the 
electronic radius. 

But the electrical dualism remains completely un- 
explained. Call the electron E and the hydrogen ion H. 
The facts are that two E’a repel one another with the same 
force and according to the same law as two H’a repel each 
other, or as an H attracts an E. These very remarkable 
properties of H and E are not explained by the explana- 
tion of the inertia. Are E and H made up of the same 
stuff or of two different stuffs ? We do not know, and 


certainly have no good reason to assume, that matter minus 
its electrons is made of the same thing as the electron. We 
have still to reckon with two different things. 

(To b« continued). 


IONISATION AND POLYMERISATION IN 
CADMIUM IODIDE SOLUTIONS.* 

By R. G. VAN NAME sod W. 6. BROWN. 

It is a well-known fact that water solutions of cadmium 
iodide show an abnormally low electrical conductivity and 
freesing-point lowering aa compared with other salts of like 
type. This is generally ascribed to the presence in the 
solution of complex molecules and ions. In a previous 
article (Am. Joum. Set ., 1917, [4], xliv., 103) we have 
described a method, baaed on the measurement of dis- 
tribution coefficients of iodine between such a eolutioo and 
a non-aqueous phase, by which it is possible, by extra- 
polation, to calculate the percentage of simple molecules 
and ions in a pure solution of cadmium iodide. The 
application of this method led to the conclusion that in 
o'3-molar cadmium iodide at 35° about 6 per cent was 
present in the form of simple Cdla molecules, ionised and 
non-ionised, in o*35-molar solution, 10*6 per cent in 
0*1 35-molar solution 16*8 per cent, and in ooi-molar 
solution 55 per cent. 

These results may be compared with those of Walton 
(Zeit. Pkjs. Ckem ., 1904, xlvii., 185), who showed io 1904 
that the rate of decomposition of hydrogen peroxide io a 
neutral solution containing an iodide is proportional to the 
concentration of the iodine ion, and used this kinetic 
method to determine the proportion of iodine ion io a 
series of rather dilute cadmium iodide solutions. With 
due allowance for ionisation and for differences in con- 
centration, our results, as will be shown later, are con- 
sistent with those of Walton, at least as to order of 
magnitude. 

McBein (Zeit. Elektrockem ., 1905, xi., 315), on the 
other band, by a mathematical analysis of the data in the 
literature concerning conductivity, freexing-points, and 
transport numbers of cadmium iodide solutions, has 
arrived at quite a different result. McBain concludes that 
in a o r -mol ac cadmium iodide solution, the only con- 
centration quantitatively dealt with, most of the salt is in 
the form of simple non-ionised Cdl* molecules, and that 
the complexes make up only about 8 per cent of the 
whole. 

In the present investigation we have attempted to throw 
further light upon this question by a study of solutions of 
cadmium iodide containing dissolved iodine, by means of 
measurements of electromotive force and of freesing-point 
lowering. 

Electromotive Force Measurements. 

The reversibility and reproducibility of iodine electrodes 
composed of platinum immersed in an iodide solution con- 
taining free iodine, have been proved by the work of a 
number of investigators (see, for example, Maitland, Zeit . 
Elektrockem ., 1906, xii., 363 ; also Jones and Hartmann, 
Journ. Am. Ckem. Soc. t 1915, xxxvii., 757). In its 
relation to the present problem the work of Laurie is 
especially important (Zeit. Pkys. Ckem., 1909, Ixvii., 637). 
Laurie used the electromotive force of concentration cells 
composed of two such iodine electrodes as a means of 
calculating the iodine ion concentration in a potassium 
iodide solution saturated with iodine. The Nernet 
equation for the electromotive force of such a cell at 35^ 
may be written — 

w-o-o*, 55 j(io* ( j!;i) Sol - 
~( log (ly.)soi.,)- 

* From tbs America* Journal of Science, iliv., p, 433. 
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The electromotive force is thus stated in terms of four 
concentrations. Under the conditions of Laurie's experi- 
ments three of these four concentrations were calculable 
from known data, and the fourth, the desired iodine-ion 
concentration, was calculated from the observed electro- 
motive force. Concentrated ammonium nitrate solution 
was used to eliminate diffusion potentials. 

The method pursued in our own experiments was 
similar to that of Laurie. The cells measured were of 
the type — 

Pt : KI + Ia (saturated) : NH4NO3 : Cdl a +Ia : Pt. 

Each cadmium iodide electrode was measured against 
two different potassium iodide electrodes of different con- 
centrations, designated hereafter as electrodes A and B 
respectively, the former containing 0*1 molar KI, the latter 
o*oi molar KI, both saturated with iodine. These two 
electrodes were then measured against each other, thus 
furnishing a check upon the results. All necessary data 
concerning these iodine-potassium iodide solutions have 
been given by Bray and MacKay (yourn. Am. Chtm. Soc. % 
1910, xxxii., 914). 

As intermediate solution to eliminate diffusion 
potentials, a concentrated solution of ammonium nitrate 
was employed to which, following a suggestion due to 
Luther (see Bjerrum, ZHt. Phys. Cksm. t 1905, liii., 438), 
enough sodium nitrate was added to make the mean catiun 
velocity the same as that of the anion. This solution 
contained 8 3 mole. NH4NO3 and 1 mol. NaNOj per 
litre. For comparison a few measurements were made in 
which saturated potassium chloride solution was sub- 
stituted for the mixed nitrates, but the results failed to 
show any difference large enough to be of importance in 
the present work. The nitrate solution was used in all 
the experiments recorded below. 

Calculation of the diffusion potential by the Planck or 
the Henderson equation was practicable only when the 
ion concentrations of both solutions were known, which 
was true in the case of the cell made up of the two potas- 
sium iodide electrodes, but not for a cell with a cadmium 
iodide electrode. For the potassium iodide concentration 
cell the value of the diffusion potential was calculated with 
the aid of the following data taken from the article of 


Bray and MacKay : — 

Solution 1 Solution a Migration 

o x molar. 0 01 molar. velocities, 

(K+) .. .. 0 0865 0 00941 1 74 8 

(V) .. .. 00430 000484 ; 765 

Cl's) •• •• 0 0435 0 00457 : 415 


Using the Planck formula the value of the potential so 
obtained was 0 0070 volt, while the Henderson formula 
gave from the same data the value 0*0069 v olt. The 
measured value, as given by the difference between the 
electromotive force as observed with and without the use 
of the intermediate nitrate solution, was approximately 
0*003 volt. 

In the opinion of the writers this difference between the 
measured and calculated values of the diffusion potential 
ia too large to be explained by experimental error, or by 
uncertainty in the data employed in the calculation, and 
is to be ascribed to some peculiarity in the behaviour of 
liquid junctions which involve the tri-iodide equilibrium. 
Support for this view is given by the fact that the diffusion 
of iodine in an iodide solution is abnormal in at least one 
important respect, for the rate of diffusion of iodine in 
potassium iodide is known to increase with increasing con- 
centration of the latter, while by the rule of Abegg and 
B *se we should expect just the reverse (ZHt. Phys. Chtm ., 
1899, xxx., 551). That the discrepancy is in all prob- 
ability not due to the incomplete elimination of the dif- 
fusion potential by the nitrate solution is shown by the 
fact that the electromotive force of this concentration 
cell as measured with the nitrate solution as intermediate 
liquid (mean value of many determinations, o 0560 volt), 
was in close agreement with the value calculated from 
Equation 1 (00561 volt). 


Apparatus . — The type of half-cell used is shown in the 
figure. The tube carrying the electrode (of bright 
platinum -foil) was fitted into the neck of the half-cell by 
a ground joint, so that the »odine solution came in con- 
tact with nothing but platinum and glass. Two such 
ctlis were clamped in a frame with their syphon tubes 
dipping into opposite arms of a U tube containing the 
intermediate solution, and the whole was immersed op to 
the necks of tbe half-cells in a thermostat kept at 25°. 
With stopcocks closed the cell could be left set up lor 
many days without danger of contamination of the solu- 
tion, and could quickly be put into commission again by 
emptying tbe syphon arms and renewing the intermediate 
liauid. Tbe stopcocks in the syphon arms were generally 
l&ft open during the actual measurement. In the earlier 
experiments, contact between dissimilar solutions was 
brought about in the U-tube in a layer of sea-sand, as re- 
commended by Bjerrum (ZHt. EUktrockem 1911, xvii., 
58, 389), but the use of sand was later abandoned as 
troublesome and unnecessary for the present purpose. 

The measurements were made by tbe Poggendorf com- 
pensation method with tbe aid of a galvanometer sensitive 
to 4 x I0“9 amperes. Owing, however, to the high resistance 
of the cells measured, the accuracy of a single bridge- 
reading did not much exceed I millivolt. 

Prtparation of th* Rtftrtnct EUctrodts . — The complete 
saturation of the iodide solutions with iodine was accom- 
plished by sealing tbe solution with powdered iodine in * 



large glass tube, which was attached to tbe stirring sale of 
the thermostat, and rotated for a period of at least twenty- 
four hours. With solutions so prepared the two reference 
electrodes, when measured aga'nst one another, usually 
gave a constant potential difference within twelve boors, 
which retained its value practically unchanged for many 
days. Occasional shaking of tbe half-cells (which con- 
tained a little solid iodine) was found to favour constant 
results. The liquid in the syphon arms was emptied 
periodically, and the half-cell when necessary could be 
refilled with a portion of the original (iodine saturated) 
solution without altering the measured electromotive 
force. A >1 measurements were at 25° C. 

Expirimtntal Proadun . — A cell composed of the two 
reference electrodes was first set up, and its electromotive 
force measured from time to time until the constant value 
0*056 volt was reached. A half-cell was then filled with 
the iodine cadmium iodide solution to be investgated, and 
measured in torn against each of tbe reference electrodes. 
Finally, as a check, the reference electrodes were again 
combined and measured. Obviously the difference 
between the electromotive forcea of the two cells in which 
the iodine cadmium iodide electrode was used should agree 
with the electromotive force of the cell made up of the 
two reference electrodes (0*056 volt). All measurements 
in which the difference above mentioned was within 
i o-ooi volt of 0 056 volt were considered trustworthy. 
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Table I. 




£.M.F. volt sgsinst— * 



Dissolves 

(Is)- 


* — ■ * 

(!'). 

U) 

Iodine. 


A. 

B. 


mean. 



0*5 molar Cdla. 



55-3 («) 

1*32 

0*0423 


231 

*5*3 


§ 


-00134 

25*5 


39*9 

0955 

0*0504 


29*3 

30*0 




- 0*0046 

307 


26*06 

0*605 

0*0536 


26*5 

26*9 




- 0*0029 

273 


21*63 

0*505 

0*0589 


*97 

30*2 




00037 

30*8 


»3*44 

0*315 

0*0648 


295 

*97 




0*0090 

29 8 


737 

0175 

00725 


*97 

30*6 




0*0178 

315 


6*02 

0*140 

00751 


*9 4 

30*2 




0 0203 

30*9 


0*0 

0*0 




304 



0*35 molar Cdlg. 



4J 33 M 

1*32 

0*0470 


30 2 

*9 7 




-00099 

29 2 


afi* 4 

o*99 

0*0490 


28*3 

28*8 




-00063 

29 2 


*° 4 

0538 

0*0592 


31 0 

30 8 




0*0027 

305 


969 

0*255 

0*0689 


311 

30*9 




0*0124 

307 


6*02 

0*160 

00745 


304 

311 




0*0193 

31*8 


3*3*7 

0’090 

0 0818 


30 6 

31*2 




0*0267 

31 8 


0*0 

0*0 




31a 



0*125 molar Cdl*. 



357 w 

1*32 

0*0423 


25*1 

25*6 




-00137 

26 0 


18-63 

0*648 

00531 


26 9 

*7*4 




-0 0021 

a 7 8 


7*26 

0*250 

00675 


29 a 

29*1 




0*0112 

29 0 


3*443 

0*110 

0*0770 


28*1 

28*3 




0*0213 

283 


1*641 

0*051 

0*0870 


28*3 

28*5 




00313 

28*7 


079a 

0*022 

0*0962 


*65 

270 




0*04x0 

*7 3 


0*0 

0*0 




*73 



0*01 molar Cdla. 



816 (a) 

1*32 

0*0080 


6*62 

6-79 




- 0x468 

695 


2*340 

0*2967 

00342 


869 

9-16 




.0*0193 

9 62 


*397 

0-1569 

00431 


8 95 

9*3 




-0*0114 

932 


0*646 

00713 

00535 


8*94 

894 

0*3104 

00343 

00654 


9*93 

IO'42 




0*0116 

10 90 


0*1411 

0*0168 

00755 


10 36 

1077 




0*0216 

11*27 


0*0 

0*0 




10*50 


(a) Solution saturated with Iodine. 


The cadmium iodide eolotione need were of foot dif- 
ferent concentrations, 0*5, 0*25, 0*125, *nd 0 01 molar, 
from each of which a number of electrodes containing 
varying amoonts of dissolved iodine were prepared and 
meaeoted against electrodes A and B. Since these con 
centra tioos of cadmium iodide were the same as employed 
in the determinations of distribution coefficients described 


in our previous article (Am. Jour*. Sri., 1917, [4], aliv., 
105) the results of that woik were used in calculating (I«), 
the concentration of uncombined iodine, from the con- 
centration of dissolved iodine as found by direct titration. 
For electrodes A and B (I*) was obviously equal to 
0*00x32, the solubility of iodine in pore water, and the 
values oi (Tf for these two solutions were those given 
above in this article, h was therefore possible to cal- 
culate (!') for each cadmium iodide solution from the 
observed electromotive force by means of Equation 1. 

A summary of the results is given in Table 1. Except 
where otherwise stated, concentrations in this and the fol- 
lowing tables are expressed in millimols per litre. In the 
third column are the potential differences given by each 
iodine-cadmium iodide electrode against reference electrode 
A, while the potential difference for the same electrode 
against reference electrode B is found in the fourth column 
on the horisontal line next btlow. A negative sign pre- 
fixed to the recorded potential indicates that the reference 
electrode formed the negative pole. Usually the reverse 
was true. The iodine ion concentrations calculated from 
these potential differences are recorded in the fi tb and 
sixth columns, the formtr giving the two independent 
values for each solution, derived from the two potentials 
measured, and the latter the mean of the two. Finally, 
by graphical extrapolation of the values in column six to 
aero concentration of iodine, a value has been obtained 
for each cadmium iodide solution which would represent 
the concentration of iodine ion in the given cadmium 
iodide solution if it contained no dissolved iodine. These 
four extrapolated values are the important ones for our 
present purpoce. Since all these iodine-ion concentrations 
are very low we can certainly afford to disregard here the 
slight error involved in the assumption that the results of 
electromotive force measurements represent concentrations 
rather than M activities** as defined by Lewis. (For a dis- 
cussion of the relation between activity and concentration 
for the iodine ion in potassium iodide solutions, see Bray 
and MacKey, Joum. Am. Cham. Soe. t 1910. xxxii.. 925). 

Diuumon.— In the previous investigation, as has already 
been stated, values were obtained for the proportion of 
simple molecules, ionised and non-ionised, in a pure solu- 
tion of csdmiom iodide at various concentrations. This 
quantity we shall designate, as in oor former article, by 
the term M active fraction." The rest of the cadmium 
iodide most consist of associated cadmium iodide mole- 
cules, and of the ions, simple or complex, formed 
therefrom. 

These values of the active fraction are calculated upon 
the assumption that the abnormally low power of 
cadmium iodide to unite with iodine is doe entirely to the 
presence of complt xes, a condition which may be only 
appreximstely fulfi led. The amount of iodine taken up 
by sn iodide should be practically independent of its 
degree of ionisation, provided that the tri iodide is 
ionised to about the same extent, as is no doubt generally 
the case. (This is confirmed by the fact that for all 
metallic iodides so far investigated, with the exception of 
those of cadmium and mercury, the value of the equili- 
brium constant Ki-(XI)(I 2 )/(£I 3 ) is the same. The list 
includes the iodides ol di- and trivalent metals, Ba, Sr, Zn, 
Ni, and Ls, whose degrees of ionisation are certainly 
somewhat different from those of the univalent iodides). 
But although it is contrary to experience that two metallic 
salts of like type, and as closely relmd as are csdmiom 
iodide and cadmium tri iodide should show any large dif- 
ference in ionisation, th« possibility of slight differences is 
not excluded, which, if present, would cause small positive 
or negative errors in the value of the active fraction, cal- 
culated as above. 

According to McBain (Ztit. EUktroeham ., 1905, xi., 
215) the observed transport numbers indicate that the 
complex ion present in predominating amount is Cdlj', 
formed by ionisation of (Cdl 2 ) 3 according to the reaction 

(CdIa),^=iaCdIj' + Cd++. 
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Whether or not this inference is correct it is probtble 
that the above equilibrium is typical, end that the inactive 
fraction consists essentially of— (a) associated molecules, 
16) complex anions, and (r) simple Cd++ cations. It 
follows therefore that the degree of ionisation of the simple 
Cdls molecules may be calculated, at least approximately, 
by dividing the concentration of the iodine ion, taken from 
Table I., by the equivalent concentration of the “ active" 
cadmium iodide as derived from the data of the previous 
investigation. 

Table II. shows the results obtained in this way. The 
first three columns contain the concentrations of total 
cadmium iodide, of active cadmium iodide, and of the 
iodine ion, respectively. The fourth column gives the 
degree of ionisation of the simple Cdl* molecules as cal- 
culated from columns two and three, and the fifth shows, 
for comparison, the degrees of ionisation of cadmium 
nitrate, a normally ionised salt of like type at the same 
concentrations as those of (Cdl 2 )active in column two. 
The data for cadmium nitrate were obtained by inter- 
polation from values given by Noyes and Falk Cfoum. 
Am , Chem, Soc ., 1912, xxxiv., 475). 


(Cdl 2 ). 

(Cdla) tct j ve . 

Table 
(I'J. y m 

II. 

- 

3 ( 6 dli)* ct i ve 

500 

30*0 

3 ° 4 

o- 5 I 

250 

26*5 

31*2 

059 

125 

2t‘0 

27*5 

0*65 

10 

5 5 

105 

o *95 


y for Cd(NOs)} 
at 18°. 

078 
o 79 
o 80 
087 


According to these results the degree of ionisation of the 
Cdl a molecules is considerably lower, except in the most 
dilute solution, than that of the cadmium nitrate. A 
difference in this direction, though smaller in amount, 
would be expected on accoont of the presence in the 
cadmium iodide solution of an excess of Cd++ tons re- 
sulting from the ionisation of the associated molecules, 
and it would also be expected that the difference, if doe 
to this cause, would decrease with increasing dilution, as 
is, in fact, the case. It is probable, however, that the 
actual difference between tha degrees of ionisation of 
these two salts is considerably smaller than these results 
would indicate, for the error in determining y by the above 
method may easily be rather large. 

The work of Walton l Zeit. Phys, Chem,, 1904, xlvu., 
185), whose kinetic method for determining iodine ion 
concentrations has already been referred to, is of interest 
here, since his results yield values of (I') which can be 
compared with those in Table I. Unfortunately, Walton’s 
experiments with cadmium iodide were confined to solu- 
tions more dilute than o*oj molar. The comparison is 
shown in Table III., the second horizontal line giving the 
values of (I') calculated from Walton’s results, while the 
third contains our values for the same quantity. (These 
values were obtained by dividing the observed velocity 
constants in each case by 145, the average value of the 
ratio Vtlocity constant I (V), as found by Walton’s experi- 
ments with KI, Nal, and NH 4 I). .... 

Figures enclosed in parentheses were obtained by 
graphical interpolation. 

Table III. 

(Cdls). ^ 4 9 - x °- 42 1 . 

(V) Walton .. .. 6*5 (12) 19 3 26 5 31*2 

(!') V. N.andB. .. % 10 5 (14) ao 


The two sets of results agree in order of magnitude, 
though Walton’s values are higher and increase more 
rapidly with the concentration. Since Walton’s method 
has not yet been very thoroughly studied, particularly as 
to its sensitiveness toward secondary catalytic influences, 
the cesults of the electromotive force measurements 
deserve the greater weight. 

(To be continued). 


PROCEEDINGS OF SOCIETIES- 


ROYAL SOCIETY. 

Ordinary Mating, .March 7, 1918. . . 

Sir J. J. Thomson, O.M., President, in the Chair. 

Papers were read as follows : — 

“ Numerical Solution of Integral Equations .** By Prof. 
E. T. Whittaker, F.R.S. 

The present communication is concerned with integral- 
equations of Abel’s type — 


and of Poisson’s type — 
J o 


*(j)K(x-r)dr-/(x), . 


where K(xl and f(x) are given functions, and p(x) ia the 
unknown function which is to be determined. The object 
of the work is to obtain solutions of these equations 
in forms which can be made the basis of numerical 
calculation. 

Theoretical solutions of both these equations are well 
known in the form of infinite seties, the nth term of each 
series being a multiple integral involving (n - 1) integra- 
tions with variable limits; but from such series it is im-' 
practicable, except in very special cases, to compute the 
solution ^(x) numerically. In the present paper the 
author departs altogether from this method of solution, 
and obtains instead a solving function which can be 
expressed in a finite form in terms of known functions, 
when the function K(x) is of a certain type, to which a 
tabulated function can in nearly all practical cases be 
reduced. As typical of the theorems in the paper the 
following may be given : — 

The solution of the integral equation — 

f* Q +W {*-»)*>-/(*) 

where — 


is— 


K(x) -x-/*(<io+ flix + oax • + ... + a„x*) (o<p<iy 

f {x)-*i a ±' r f x /'wnx-,)<h, 

* J o • 


where — 

***-t- + p5* 

and where «, ... v are the roots of the algebraic 

equation— 

F(x) ■a 0 x w -b(i -^)«ix*-i + (i — p){ 2 — P)a$xn “ * -+• ...(1 -p) 
( 2 ~P)--( n -p) a n-o t 

and yp(x) denotes the incomplete ^-function — 
yp(x)-i x f x sP-U-sds. 

J o 


“ Cesaro Convergence of Restricted Fourier Series .” 
By Prof. W. H. Young, F.R S. 

“ Non-harmonic Trigonometrical Seriec .” By Prof. 

W. H. Young, F.R.S. 

»• Electromagnetic Inertia of the Lorentz Electron .” By 
Prof. Q. A. Schott. 

For a perfectly conducting oblate spheroid with speed 
AC, eccentricity k and sxis in the direction of motion, 
G. W. Walker (Roy, Soc, Proc ., A, xciii., 448), finds — 

Longitudinal electromagnetic mass — 

- -*(jt - A*)(i - 6«)-3fa, 

Transverse electromagnetic mass— 

- }#*a-iC- 3(1 + j $*•)(! - 


• Digitized by Ljooole 




CumteAl. News, 
Much *8, 1918 


Electric Steel Refining Furnaces 1 53 


Walker appears to regard Ibis spheroid as a model of 
the Lorents electron. If this be so, there is an obvious 
contradiction with the Theory of Relativity which demands 
Investigation. The author baa recalculated Walker’s 
results on the basis of the general mass formate given in 
M Electromagnetic Radiation,** Appendix D. 

Walker’s value of the longitudinal mast is obtained, 
provided that for accelerated rectilinear motion the electron 
retains the shape it has at time t for an infinitesimal 
interval instead afterwards instead of contracting 
continuously. 

But a factor (1 ♦ ,' 0 A-) in place of Walker's factor 
(t + JA* 1 ) < n the numeiat* r of the transverse mass is 
obtained on the supposition that for uniform circular 
motion the electron has its axis in the direction of motion 
at the time /, hot moves without rotation for an in- 
finitesimal interval afterwards instead of rotating con- 
tinuously. It has not been possible to trace the out- 
standing discrepancy to its source. Nevertheless, the 
agreement between Walker’s results and those of the 
paper, so far as it goes, indicates that bis spheroid is not 
to be regarded as a model of me Lorents electron, lhe 
Lorents expressions for the masses pre-soppose that the 
electron continuously suffers the contraction and rotation 
appropriate to its change of motion at each instant. 

“ Researches on Irmrth and Movement in Plants by 
muons of the High Magnification Crescogroph." By Sir 
J. c. Bos i. 

FARADAY SOCIETY. 

Ordinary General Meeting , February 14, 19x8. 

Piof. C. A. Edwards, D.Sc., of the University, Man- 
chester, in the Chair. 

General Discussion on “ Electric Furnaces.” 
The Chairman, in introducing the subject, gave a short 
accoont of the history of electric smelting since Siemens 
in 1878 patented his first small coke electric furnace. In 
1904 there were only four electric furnaces in Europe and 
America ; in 1913 there were 114. Development since the 
war has been phenomenal. 

Mr. H. Etchklls, B.Met., M. Inst. Met., read a pape* 
on 11 Applications of Electric Furnace Methods to Industrial 
Processes. 9 * 

The author referred to the growth of electric furnace 
nduatries daring the war, which was due not only to the 
greater output demanded, but to a certain extent because 
the electric furnace enabled os to use raw materials which 
were formerly considered inferior for the quality of product 
desired. 

In dividing electric furnaces under the three headings. 
Induction , Resistance , and Arc types, the author considered 
that only the latter two types may be looked to for future 
estenaive development. 

A plea was made for the greater development of the 
resistance furnace, which from the electric load viewpoint 
was ideal, giving high lode factor, high power factor, and 
very slight fluctuation. The Bailey furnaces were men- 
tioned as the only furnaces of this type which bad hitherto 
attained an industrial development in large units. 

la briefly referring to the smelting of iron ores and ferro- 
alloys the author emphasised the necessity for an ample 
•apply of cheap electrical energy, and drew attention to 
the prosperity of countries like France, North America, 
Norway, and Sweden, which were utilising their natural 
resources of water-power foe generating a plentiful sopply 
of cheap electric power. 

The greatest development of electric furnaces it was 
poioted out had taken place in connection with the steel 
Industry, and especially in regard to the production of 
special high qoality steel castings. An illustration of 
waciam castings was shown, giving some idea of the 
intricate work which can be undertaken with a consider- 
able degree of accuracy. 


In the author’s opinion the electric furnace ia not ful- 
filling its highest function in the foundry when used for 
simply melting steel scrap to turn out an unrefined product 
on an acid lining. 

The success attained by the Greaves-Rtchells furfiace 
in high-speed steels was specially indicated, some Sheffield 
firms having dispensed with the crucible pro cess and 
adopted the electric process whole hearted ty. 

Views and diagrams of the Greaves- EtcheUs furnaces 
were shown, and it was remarked that in this country this 
type of furnace shared with the Hfcroult and Electro- 
Metals types the popularity of the market. 

Typical wave form diagrams of these three types of 
furnace were shown, and considerable emphasis was laid 
on the steadiness of load produced by the buffering effect 
of bottom electrode furnacei. 

Attention was drawn to important sources of loss of 
power during transmission from transformers to interior of 
furnace, this being due to bad contact joints, skin resist- 
ance, and inductance. 

The total economy of graphite electrodes was pointed 
out, end the value of sealing devices, such as economisers, 
which are fitted to Greaves- Etcbells furnaces wae strongly 
advocated. 

The unsatisfactory performance of refractory lining 
materials at present marketed was commented upon, and 
the author stated it as bis belief that satisfactory finings 
would not be available until electrically fused refractories 
were put on the market. 

Mr. J. Bibby, M.Sc., read a paper on “Electric Steel 
Refining Furnaces. 9 * 

The development of the electric furnace for steel making 
is almost certain to take place in the direction of large 
furnaces. As furnaces get larger new conditions appear, 
which require consideration in the design, but economies 
can be effected in consumption of current, refractory 
materials, and labour. On small furnaces, up to 5 tons 
capacity, two electrodes are sufficient, but on the larger 
furnaces it is advisable not to concentrate the heating sooe 
in two places, but to distribute it by having four elec- 
trodes over a circular bath. Farther, on large furnaces 
large currents are required, and up to the present we ooly 
have electrodes which will take currents of, say 10,000 
amperes, so that where more than 30,000 amperes are 
required, more than two elacuodes are required for this 
reason. In the use of four upper electrodes we are con- 
fronted with an electrical problem. It was explained in 
the paper that whatever system is adopted it must be such 
that when equal currents are flowing through each of the 
arcs, then equal corrents must be taken from each of the 
three high-tension mains, and each of these three primary 
corrents must be practically in phase with its voltage in 
order to secure a higher power factor. Farther, for metal- 
lurgical reasons it is considered desirable that a certain 
amount of current shoold flow vertically through the 
hearth to a fifth fixed electrode beneath it. We therefore 
require some system which will impress an equal voltage 
between each upper electrode and the hearth electrode, so 
that when equally adjusted eaoal currents, and therefore 
foor equal heating cones, will be obtained. 

The condition is met if we can obtain on the furnace 
side of the transformers foor equal phases, one for each 
electrode, and a common return to a neutral electrode 
beneath the hearth. In short, we require a 4-pbaae, 
5-wire system. This can be obtained by simply having 
two sets of two phases working in parallel, but this system 
has serioos electrical objections. The problem has been 
satisfactorily solved by the Electro- Hits It 4-phase arrange- 
ment, which consists of three single-phase transformers. 
Two of these transformers have their terminals connected 
separately to the four upper electrodes. A upping is tees 
from the middle of the third or Teaser transformer to the 
hearth electrode, and the terminals of the Teaser trans- 
former are connected to intermediate uppings on the mam 
transformers. A closed system to thus 0 burned when ere 
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are struck between the four upper electrodes and the bath 
of metal. This system gives an equal voltage in each of 
the arcs, and therefore equal beating cones, and also 
when the electrodes are regulated for equal currents, then 
equal currents are taken from the three primary mains. 
The average power factor of the system on a non-induc- 
tive load is unity. Further advantages of the system are 
that when the furnace is under poor regulation the 
primary currents remain tolerably balanced with a high 
power factor. 

A paper on “ Electric Furnace Control " was presented 
by Mr. A. P. M. Fleming and Mr. F. £. Hill. 

An important feature of electric furnaces is that by suit- 
able control the temperture can be accurately and quickly 
regulated. The paper sets forth the general principles on 
which such control is based in the case of furnaces using 
alternating currents. 

The methods of control are classified as follows : — 

I . By Variation of Voltage . 

1. Alteration of the ratio of the main transformer by 
cutting out a portion of the primary winding. 

2. Alteration of the ratio of the main transformer by 
an auxiliary winding which can be connected up in series 
with or in opposition to the main winding. 

3. Use of a primary booster transformer to vary the 
secondary voltage by altering the pressure supplied to the 
primary. 

4. Use of a secondary boosttr transformer, the se- 
condary of which is in series with the main secondary, the 
booster primary being in parallel with the main primary. 

5. Control by means of a motor generator ; a method 
rarely used. 

These various methods of voltage control are discussed 
in detail, and compared as regards reliability and first cost. 
The necessary regulating switches are also described. 

II. By Variation of Currant. 

Control by this method is accomplished by raising or 
lowering the electrodes. It may be employed as an 
auxiliary method to any of those previously described. 
Examples of both hand regulation and automatic regula- 
tion are given in the paper. 

Discussion. 

Mr. Donald F. Campbell drew attention to the great 
advances in electrometallurgy made in Great Britain since 
1914. It was now possible to do without the Urge imports 
of Swedish iron and steel formerly required for high-class 
products. Further development would enable ose to be 
made of our enormous deposits of phosphoric ores. 

The efficiency of the electric steel furnace had almost 
reached its probable maximum, and its capacity was not 
likely to exceed 30 tons. Metallurgical considerations 
were more important in determining size than electrical 
or economic factors. 

He urged closer co-operation between the consumer and 
the power engineer to effect further economies. More 
effective regulation of current supplied to batteries of 
furnaces was also necessary for the same end. 

The value of water-power had been overestimated. 
Steam-power, with its comparatively low first cost, was 
more favourable for the average steel furnace with a low 
power factor. 

Future developments in furnaces were to be sought 
principally in mechanical and electrical details. As regards 
the industry as a whole, a broader point of view, with a 
resulting reduction in cost of current on the part of the 
supply companies, and a wider appreciation on the part of 
metallurgists of the vast possibilities of intense electric 
beating, was essential to substantial progress. The British 
Empire should be able to provide all the special steels 
essential either for peace or war. 

Mr. R. G. M. Mercer criticised some features in the 
general design and operation of electric furnaces. The 
open furnace doors at the "bottom and the large electrode 


spaces at the top tended to increase electrode consumption, 
but certain economisers were now being used which effect 
a 20 to 30 per cent saving of electrodes. 

Prof. W. G. Fearnsides thought that even in big 
furnaces the engineering design was in the laboratory 
stage, and an enormous strain was being put on the re- 
fractory materials. 

Mr. Thomas Annis also dwelt on the failure of refrac- 
tories. 

Dr. J. Newbury said that at Newcastle power was being 
supplied at a cheaper rate than at Niagara. 

Mr. J. Drummond Paton pointed out that 30 million 
tons of coal, a potential source of electrical energy, were 
being wasted annually. 

Mr. J. S. Peck was of opinion that much work was still 
necessary on both control and design of furnaces. 

Mr. Telford Petrie found the arc type most satis- 
factory for high-temperature work, in spite of troublesome 
control. 

Mr. H. M. Ridge referred to a remarkable instance of 
the use of magnesite arches in some furnaces he had seen 
in Austria. 

Mr. E. J. Stock referred to the low electrode con- 
sumption of the single-phase Snyder furnace, and also to 
the Miles-Walker balancing machine, by which ordinmty 
supply mains could be tapped for ose in single-phase 
furnaces. 

The Chairman, in bringing the discussion to a close, 
said that as regards refractories, we were a long way from 
realising a substitute for silica for fornace roofs. The 
great quality of the electric furnace was the remarkable 
purity of the steel made in it. 


PHYSICAL SOCIETY. 

Ordinary Mating, March 8, 1918. 

Prof. C. H. Lees, F.R.S., President, in the Chair. 

A paper on “ The Asymmetrical Distribution of Corpus- 
cular Radiation Produced by X-rays ” was read by Mr. 
E. A. Owen. (Abstract). 

1. The ratio of emergent to incident corpuscular radia- 
tion in the case of the two salts, potassium bromide and 
silver nitrate, has been investigated, when the exciting 
X-radiations were the characteristic radiations of copper, 
bromine, silver, and tin. 

2. The ratio has the same value whether the salt is in 
the wet or in the dry state. 

3. The value of the ratio was found to be approximately 
the same for each two of the salts, and is equal to 1*17. 
This is approximately the same figure as that found by 
other observers in the case of the metals, gold and silver. 

Discussion. 

Dr. D. Owen said the experimental results appeared to 
be conclusive, and the ratio obtained agreed surprisingly 
well with the values of other observers. It seemed to him 
that the preponderance of secondary radiation on the 
emergent side followed from any theory of X-radiation. 
On the ether pulse theory we have, in addition to the 
electromagnetic forces in the wave front, the momentum 
of the incident beam, which would tend to assist the 
emission in the direction of emergence and retard it in the 
reverse direction. Similar considerations apply to the 
continuous wave theory, while on the quantum theory the 
energy is concentrated in blows which fall on very small 
parts of the atoms, and might have quite sufficient 
momentum to dislodge electrons. He gave numerical 
figures to show that if the intensity of the beam was of 
the order of full sunlight, it would be sufficient to account 
for the emission of 10 — »5 0 -partides per second per square 
centimetre of the screen. 

Dr. H. S. Allen said that if he understood the paper 
rightly, the result that Mr. Owen has found — viz., that the 
ratio of emergent to incident corpuscular radiation it the 
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mum in the amorphous as in ihe crystalline state, renders 
doubtful the explanation of asymmetry put forward by 
H. A. Wilson. In his opinion an explanation of a more 
fundamental character was required than that which attri- 
butes the asymmetry of the scattered radiation to the 
difference between the behaviour of crystalline and amor- 
phous material. In this connection a recent paper by 
A. H. Compton ( Journ . Wash, Acad. Sci. t January 4, 
1918) is of considerable interest. He assumes that the 
electron is in the form of a spherical shell, each part of 
which can scatter independently, and may be capable of 
rotational motion. He shows that it is then possible to 
explain not only the asymmetry of the scattered rays, but 
also the diminution of scattering with decrease of wave- 
length. Since the mass of an electron cannot be accounted 
for on the basis of a uniform distribution of electricity 
over the surface of a sphere, Mr. Compton suggests that 
the true shape of the electron may be that of a ring, 
having an effective radios many times greater than that 
ordinarily accepted. Mr. Compton's estimate of the 
radios is 3*3 x 10—10 cm., but if some recent messu a- 
menu by Sir Ernest Rutherford are used in the calcula- 
tion, this estimate must be reduced to about one-tenth of 
the value stated ( Nature , 1918, c., 510). If this hypothesis 
of a ring electron be accepted, the electron may act as a 
small magnet, as suggested by A. L. Parson, and this ex- 
plains Forman's effect of magnetisation of iron upon its 
absorption coefficient. 

Mr. T. Smith thought the initial equation with which 
the paper started was somewhat extraordinary. It wss 
difficult to Hze what physical considerations gave rise to 
the factor cost £ 0 in the denominator of an equation 
which he presumed was intended to apply from o to i8o*\ 

The author, in reply, ».aid that if the asymmetry is to be 
attributed to the pressure of radiation, one would expect 
that the value of the ratio obtained for the asymmetry 
would va.~y with the intensity of the exciting X-radiation. 
It has been shown, however, by Philpot that this is not the 
case, the value of the ratio remaining the tame for radia- 
tions of the same wave-length whether a beam of X-rsys 
direct from a bulb or a beam of characteristic rays from 
a metal plate were employed to excite the corpuscular 
radiation ; the intensity of the radiation would be much 
greater in the former than in the latter caae. The results 
of the present paper show that the explanation put forward 
by Wilton to explain the asymmetry in the case of X -radix 
tion does not appear to be adequate to explain the asym- 
metry in the case of corpuscular radiation. He agreed 
with Dr. Allen that an explanation of a more fundamental 
character is necessary to account for this phenomenon. 

A paper on 14 * Air Standard ' Internal Combustion 
Engine Cycles and their Efficiencies^ was read by the Presi- 
dent, Prof. C. H. Lbbs, D.Sc., F.R.S. (Abstract). 

It ia well known that the efficiency of an air standard 
internal combustion engine working through a cycle 
boonded by two adiabatics, and either two isothermals, 
two constant volume lines, or two content pressure lines is 
given by 1 - (i/Oy-* where r is the compression ratio and 
y is the ration of the two specific heats of sir. 

In the present paper it is shown that the efficiency is 
given by the tame expression if the cycle is composed of 

a a 

two adiabatics and two corves A.pva, where a hss 
any positive or negative value and A and a ate constants. 
Since a may be chosen so that any explosion corve may 
be followed as closely as desired by short lengths of a 
corvee, e cycle cen he drawn with the above efficiency and 
eny prescribed explosion corve. The ratio of the efficiency 
of a cycle with prescribed explosion and exhaust corves to 
that of the cycle so drawn is shown to be the ratio of tha 
two areas on the indicator diagram. The thermal efficiency 
of a cycle with prescribed explosion and exhaust curves is 
therefore readily found. 

Discussion - 

Dr. D. Owbn asked what the ratio of the efficiencies of 
the ectoal end theoretical cycles was io practice. 


Dr, H. S. Allen asked if it was not possible to gene 
ralise the result established in the paper, and to say that 
the expression for the efficiency held when the explosion 
curve is represented by /(p, v)- constant, where /<#, v) it 
eny function of p and v, provided the equation lor the 
exhaust curve i« suitably chosen. 

Prof. Lbbs, in reply, said the ratio of the actual cycle 
to the other was usually 0*9 to o 95. Dr. Allen's sugges- 
tion was quite correct. He bad aimed, however, et ex- 
pressing the result in a form suitable for graphical 
calculation. 


BRITISH ASSOCIATION OF CHEMISTS. 

Ma. E. W. Smith, Chemical Adviser to the Birmingham 
Corporation Gat Department, presided at a recent meeting 
of the Birmingham Section of the British Association of 
Chemists, held at the University. The attendance was 
representative of research and industrial chemists. The 
Chairman stated that tan sections had been formed, and 
others were in process of formation. In view of this tha 
Executive had decided that it would he more representa- 
tive of the country at a whole if it were constituted of 
one member from esch local section rather than of three 
members each from Manchester and Birmingham. This 
had been done, and was giving excellent results. In view 
of the negotiNKont with the Institute of Chemistry the 
National meeting bad been postponed, and this had further 
strengthened the movement by facilitating the formation 
of local sections. Referring to the negotiations with the 
Council ol the Institute of Chemistry he pointed out 
that the proposals outlined in the Bcitiah Association of 
Chemists* Executive report of February t had bean 
•n.piified ua result of a recent meeting with the Council 
of the Institute. The Council were j repared to drop 
some of the saving clauses, and the age limit of twenty- 
seven in the case of candidates presenting themselves 
before December 31, 1921, a point on which they were 
more than meeting the suggestione of the B.A.C. Execu- 
tive. The Council of the Institute were not desirous of 
setting up within itself e self governing sole registration 
authority for all chemists. They found that the only 
method which they could adopt was to increase the 
number of associates. The institute was obviously 
desirous of looking after the interests of all chemists, and 
would in a short time undertake to form a register of 
lower-grade chemists after a satisfactory settlement bad 
been arrived at with the B.A.C. In the near future it was 
hoped that the Council of the Institute of Chemistry and 
the Executive of the B.A.C. woold publish a joint 
report to the whole of the chemists in the country. 

Mr. Fxbd C. A. H. Lantsbkrry (Birmingham Small 
Arms Laboratory) moved a resolution welcoming the state- 
ment that the Council of the Institute of Chemistry was 
prepared to carry out the aims and objects ot the proposed 
British Association of Cbemiatt, and expressing the 
opinion that the proposed modifications in the qualifi- 
cations for membership of the Institute of Chemistry 
agreed to between the Council of the Institute and the 
Executive of the B.A.C. would reasonably ensure the 
inclusion of ell qualified chemists. 

Dr. A. Parker, who seconded, said it was desirable to 
group all chemists— academic and industrial— so as to 
avoid an unnecessary multiplication of societies. 

Mr. J. R. Johnson expressed the opinion that the nego- 
tiations at amended appeared to favour the younger 
generation of chemists, because it was difficult for a man 
over forty years of age to produce certificated evidence of 
hia qualifications. 

Mr. L. P. Wilson said that apparently the Institute 
rejected the idea of becoming the sole registration 
authority, but were willing partially to do the work by 
increasing the number of associates. He did not con- 
sider it desirable to drop the age limit of twenty seven 
years because a young man of not mors than twenty- three 
years of age ought to be willing to qualify by examination. 
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Replying on the discuition, the Chairman stated tha t 
the Institute of Chemistry were at the present time 
admitting older men in responsible positions without 
examination. Further, they considered a pass degree, 
plus experience, to be the equivalent of a degree with 
honours. The Institute did not reject the idea of becoming 
the sole registration authority, but could not agree to 
setting op a separate self-governing authority within the 
Institute. It would have to become the sole registration 
authority for all qualified chemists if the ideas of the 
B.A.C. were carried into effect. 

The resolution was unanimously adopted. 

A vote of thanks was accorded to the members of the 
local committee for their services — The Chairman, Mr. 
Lantsberry (Secretary), R. H. O’Shaughnessy (Secretary 
of the Birmingham Midland Section of the Society of 
Chemical Industry), Dr. Parker, Messrs. Farrar, Herapath, 
King, Carter, Pinnock, and Rbead. 


NOTICES OF BOOKS 

The Practice of Pharmacy. By Joseph P. Remington, 
Ph.M., Phar.D., F.C.s. Assisted by E. Fullerton 
Cook, P.D. Sixth Edition. Philadelphia and London : 
J. B. Lippincott Co. Pp. xxviii+1987. Price 35s. net. 
This treatise is very well known to pharmacists and 
students of pharmacy in this country as well as in 
America, and it is unrivalled tor ita clear and complete 
directions for performing all the operations involved in 
preparing drugs and dispensing. Lengthy descriptions of 
medicinal substances, their properties, uses, and doses, 
are included, and it is inconceivable that there could be 
any information which the pharmacist might require and 
which is not to be found in the book. The latest edition, 
which contains over 800 illustrations, has increased 
enormously in size owing to the necessity for making many 
additions relating to new preparations and methods and 
to the general progress of pharmaceutical knowledge. 
New articles have been added on sterilisation, ampul 
filling, tablet making, &c., with many illustration and 
descriptions of new apparatus. The preparations of the 
British Pharmacopoeia, when different from those of the 
United States Pharmacopoeia, are also included in tabular 
form. 


MISCELLANEOUS. 

Relationship of the Elements of the Argon Group. 
— The accompanying table of the atomic weights of the 
above elements, whilst showing their relationship as 
multiple of one another on an ascending scale of atomic 
weights, is sufficiently close in the relationship of these 
multiplies to confirm a group relationship, diversity from 
the multiple, confirming the possibility of their origin as a 
family in that there is the well known degradation of 
radium to helium. 

' H - 4 

Ne - 202 

A - 39*8 

Kr - 82*92 

Xe - 133-2 

Ra - 226-0 

— J. C. Thomlinson, B.Sc. 

Royal Institution.— The following are the lecture 
arrangements at the Royal Institution after Easter, at 3 
o'clock in the afternoon Prof. John Joly, two lectures 
on 11 Scientific Signalling and Safety at Sea.** Prof. 
Arthur Keith, Fullerlan Professor of Physiology, five 
ectures on “ British Anthropologists (1) B arrow- ex- 


5*85 

187 

2*108 

x *45 

x *74 


plorers; (2) Cave-hunters; (3) Craniologists ; (4) Field- 
Anthropologists; (5) A Master of Method— Pui-Ri vers. 
Sir Henry Newbold, two lectures on “The Poetry of 
Thomas Hardy** — (1) The Dynasts; (2) The Shorter 
Poems. Lieut. -Col. C. S. Myers, two lectures on 
“ Present-day Applications of Experimental Psychology 
Sir Isambard Owen, two lectures on “ Rbeims Cathedral. 9 * 
Sir James Frazer, two lectures on— (1) 11 The Folk-lore of 
Bells ** ; (2) “ The Prosecution and Punishment of 

Animals.** Lieut.-Col. Sir Francis Younghusband, three 
lectures on “The Abode of Snow — its Appearance, In- 
habitants, and History.** Prof. Edwin H. Barton, two 
lectures on “Musical Instruments Scientificailv Con- 
sidered.** Prof. H. F. Newell, two lectures on “ Modern 
Investigation of the Sun's Surface. 99 Dr. W. L. 
Courtney, two lectures on “ Dramatic Realism.** Prof. 
Charles J. Patten, three lectures on “ Problems in Bird- 
migration.* 9 The Friday Evening Meetings will com- 
mence on April 12, when Prof. E. C. C. Baly will deliver 
a Discourse on “Absorption and Poosphorescence. 99 
Succeeding Discourses will probably be given by Major 
G. I. Taylor, Sir A. Daniel Hall, Sir George Greenbill, 
Prof. F. Gowland Hopkins, Piof. A. Barton Rendle, Sir 
Boverton Redwood, and other gentlemen. 

Society of Public Analysts and other Analytical 
Chemists. — The next meeting of the Society wilt beheld 
on Wednesday, April 3, at the Chemical Society's Rooms, 
Burlington House, Piccadilly, W., at 5 p.m. The fol- 
lowing papers will be read Determination of Phos- 
phoric Acid m Bone and Blood Fertilisers,’* by W. Rest 
Mummery ; “ The Deterioration of Lime on Keeping, 99 
by S. Allinson Woodhead ; “ Dog Fish Liver Oil,* 9 by A. 
Chaston Chapman ; “ Volumetric Determination of 

Barium, and a Method of Separation of Barium and 
Strontium,** by John Waddell. 

Condensed Milk. — The Ministry of Food anticipates 
completing its arrangements for the distribution ot con- 
densed miik by the end of March, and in early April will 
make its first allotment to the trade. The retail prices at 
which such condensed milk will be sold are as follows : — 

Full Cream Sweetened . . 14 ozs. net, is. 2ld. per tin. 

„ Unsweetened .. 12 ozs. „ is. oj J „ 

„ Evaporated . . 16 ozs. „ is. id. „ 

Machine Skimmed Sweetened, 16 ozs. gross, is. id. „ 

The Ministry has amended the terms of payment laid down 
in General Regulations for sale and distribution of Con- 
densed Milk, namely, G.R. Form, Clause 3, has been 
amended to read — “ Terms of sale shall be as usual, but 
not to exceed one month net." Clause 12 has been amended 
to read — “ Terms of sale shall be as usual, but not to 
exceed one month net. 99 — March 12, 1918. 


qnO comply with Regulation 8 (M of the Defence ot the Realm 
* Act, advertisements from firms whose business consists 
wholly or mainly in Engineering, Shipbuilding, or the production 
of Munitions of War, or of substances required for the production 
thereof, must include the words - No person resident more than 
ten miles away or already engaged on Government work will be 
engaged." 


T^hemist (Analytical and Metallurgical) with 

^ Works experience requires Post.— Address, P. B., Chemical 
News Office, 16, Newcastle Street, Farringdon Street, Loudon, S.C.4. 


\>f etallurgical Chemist wanted by Sheffield 

firm to take charge of shift on 7-ton Heroult furnace. Moat 
have first* class experience with Carbon and Alloy Steels.— Address, 
S. F., Chemical News Office, 16, Newcastle Street, Farrii^don 
Street, London, E C. 4. 

\K7anted for the Laboratory of large Chemical 

* * Factory, well-trained and experienced Analysts- Accurate 
and systematic workers required.— Address, C. B , Chsmical Nzwa 
Office, 16, Newcastle Street, Farringdon St reet, London, E.C. 4. 

\A7anted, Junior Chemist, experienced in high- 

V V class Steel Melting, for Small Electric Steel Fnrnace. Ap- 
plicants must state age, experience, and wages req ired, and apply to 
their nearest Employment Exchange, quoting No. A 4913. No person 
already on Government work will he engaged. 
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SPECIAL NOTICE TO 8UB8CRIBER8. 

Wfc regret to announce that the recent paper 
restrictions will compel us for a period, until we 
can secure our usual supply of paper, to publish the 
Chemical News fortnightly instead of weekly 

The price will not be altered, except as regar is 
the subscription price, which, until further notice 
will be calculated at £\ for fifty-two numbers, or 
pro rata. 

Subscribers will please note that the respective 
expiration dates of their subscriptions will be 
extended accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their extended 
subscription periods. 

The uxt issue (No. 9046) will be published on | 
April 96th. 


VOLUMETRIC DETERMLNATION 
Ol- MANGANESE BY MEANS OF SODIUM 
ARSENITE. 

By FBI l> IBBOTSON, B SC , A R C. Sc 1. 

’Potassium permanganate ia not largely used for the 
titration of oolotiont of trivalent arsenic, because better 
results are obtained by the use of iodine. Bessy made use 
of it in 1847 (Comp to s Hindus, xxiv., 774). and also Pcan j 
St. Gillcs twelve years later (Ann. Chtm. Phys ., Iv., 383). 

The uncertainty of the end-point of tbe reaction, due j 
to the formation of brown manganic compounds, was 
pointed out by Lcnsscn (fount. Prokt. Chtm ., Ixxviii., 
193)* tod alto by Keasler in 1863 (Pogg. Axa., cxviii., 48). 
Ao improvement in tbe method was suggested in 1895 by 1 
Vanioo ( Zdt . Anol. Chtm ., xuiv., 426) which took the | 
form of tbe addition of an excess of permanganate to s 
hot eolation of the araenite, followed by a “ back ' 
titration with hydrgen peroxide, and in 1901 Kuhling 
wr., axxiv., 404) obtained satisfactory results by the 
direct titration of a hot eolation of arseoiou* acid con 
taioing 25 per cent of sulphuric acid. Toe last contribu 
tion to this subject appears to be that ol Moser and 


Ftilitcl in 1912 (Mottotoh. Chtm., vii., 33), who reconi 
mend the titration of arsenioos acid in a cold solution 
containing from 0*1 to 0 3 grm. of the trioxidc, at a dilu 
l *®" of 50 to 200 cc., and in presence of 5 to 13 cc. of 
corjeentratsd hydrochloric acid. The permanganate is j 
■dded in drops to tbe solution, which is continuously 
shaken during the titration, until a rose colour is obtained 
*hich persists for two or throe minutes. 

Each of these methods, seldom employed, is directed 
towards the determination of arsenic, bat the converse 
operation of the determination of manganese by means of 
• standard solution of sodium srsenite i * largely practised, 
*{** Ptrt>cularly in tbe analysis of steel* containing 
j-hfouiHMii. Tbe convention of the manganese of steels to 
P**anganic acid is usually effected in a solution (obtained 
oy dissolving the metal in dilute nitric acid), by means of 


sodium bismuthate or ammonium persulphate. In the 
former cate the excess of the insoluble oxidant is removed by 
filtration, and in both cases tbe permanganic acid is deter 
I mined by titration with a solution of ferrous ammonium 
sulphate, hydrogen peroxide, or sodium srsenite. These 
solutions are usually standardised by means of potassium 
permanganate, and under the conditions obtaining during 
the assay of the steel for manganese. The results are 
therefore reliable, and, in the case of the first two, are in 
close agreement with theory. The fact, however, that 
when sodium srsenite is used in the titration of perman 
ganic acid containing free nitric acid the " oxygen 
exchange ” is not quantitatively expressible by— 

iMnjO; | 5As 2 0) -> 4MnO 5As 2 0, 
does not appear to be generally known, probably because 
of the method of standardisation employed in works, 
practice. The following teats arc therefore not without 
interest in this connection. 

Solutions of potassium permanganate and of sodium 
srsenite were prepared and standardised, the former by 
means of sodium oxalate and the latter with iodine. 

Table 1. appended shows the results obtained by 
delivering the permanganate into tbe srsenite, the volume 
of the solution being in each case about too cc. before tbe 
titrttion. 

Table I. 


Cc of nitric 

Cc of 

Cc. of 


acid r*j 

arsenite. 

permanganate 

Ratio 


Strength of solutions, N/30. 


IO 

20 

22*8 

I'M 

20 

20 

22*3 

1115 

3 ° 

20 

21*8 

109 

3 ° 

20 

22*9 

1**45 

*5 

20 

234 

1*7 


Strength of solutions, N/20. 


10 

20 

22*1 

1*105 

10 

20 

23 0 

1*18 

20 

20 

21*2 

1 ob 

20 

20 

22 8 

* M 


Strength of solutions, N 10. 


20 

20 

22*5 

1125 

10 

20 

2J*2 

I*l6 


The inconstancy of the ratio of permanganate to arsenite 
was observed to be influenced by the differing rates at 
which tbs permanganate was delivered, the higher vsloes 
resulting invariably fiom rapid titrations. It was evident 
therefore that in tbe converse titration still higher values 
would be obtained. These are appended in Table If. 

Table II. 


Cc of nitric 

l< of 

Cc of 


acid, no. 

permanganate. araenite. 

Strength of solutions, N 20. 

Ratio 

In 

20*5 

*5 2 

>‘35 

20 

42*2 

3*‘5 

1 44 

20 

23*6 

17*9 

*’.43 

*5 

205 15 b 

Strength of solutions, N/30. 

I 3 * 

*5 

487 

36 5 

* 4 J 

5 

25 1 

18*9 

* *33 

20 

24*4 

18*3 

1*33 

10 

24*4 

18 1 

*35 


From these results it appears that solutions of sodium 
arsenite have a reducing value approximately 33 per cent 
•n excess of tbe true value, when added to solutions of 
permanganate acidified with mtru acid. This result is 
obviously due to the formation of manganic compounds, 
and i* evidenced also by the colour of the solutions at the 
and of the tiuation in tbs second scries of experiments 
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and by the development of colour during the titration in 
the case of the first series. 

The constancy of the ratio of the volume of perman- 
ganate to that of arsenite in the second series points to 
the existence in the solution of a definite compound, and 
further work on this point might profitably be undertaken. 

Metallurgical Department, 

University of Sheffield. 


THE COMPLEXITY OF THE CHEMICAL 
ELEMENTS.* 

By Prof FREDERICK SODDY, M.A., F.R.S. 

(Continued from p. 149). 

The Chemical Elements not necessarily Homogeneous . 

I pass now to the second and most novel sense in which 
the elements, or some of them at least, are complex. In 
their discovery of new radioactive elements M. and Mme. 
Curie used radioactivity as a method of chemical analysis 
precisely as Bunsen and Kirchoff, and later Sir William 
Crookes, used spectrum analysis to discover caesium and 
rubidium, and thallium. The new method yielded at once, 
from uranium minerals, three new radio-elements, radium, 
polonium, and actinium. According to the theory of Sir 
Ernest Rutherford and myself, these elements are inter- 
mediate members in a long sequence of changes of the 
parent element uranium. In a mineral the various 
members of the series must co-exist in equilibrium, pro- 
vided none succeed in tscaping from the mineral, in 
quantities inversely proportional to their respective rates 
of change, or directly proportional to their periods of 
average life. Radium changes sufficiently slowly to accu- 
mulate in small but ponderable quantity in a uranium 
mineral, and so it was shown to be a new member of the 
alkaline-earth family of elements, with atomic weight 
226*0, occupying a vacant place in the Periodic Table. 
Polonium changes 4500 times more rapidly, and can only 
exist to the extent of a few hundredths of a milligrm. in a 
ton of uranium mineral. Actinium also, though its life 
period is still unknown, and very possibly is quite long, is 
scarce for another reason, that it is not in the main line of 
disintegration, but in a branch series which claims only a 
few per cent of the uranium atoms disintegrating. In spite 
of this, polonium and actinium have just as much right to 
be considered new elements probably as radium has. 
Polonium has great resemblances in chemical character 
both to bismuth and tellurium, but was separated from the 
first by Mme. Curie and from the second by Marckwald. 
In the position it occupies as the last member of the 
sulphur group, bismuth and tellurium are its neighbours in 
the Periodic Table. Actinium resembles the rare-earth 
elements, and more closely lanthanum, but an enrichment 
of the proportion of actinium from lanthanum has been 
effected by diesel. The smallness of the quantities alone 
prevents their complete separation in the form of pure 
compounds as was done for radium. 

The three gaseous members, the emanations of radium, 
actinium, and thorium, were put in their proper place in 
the Periodic Table almost as soon as radium was, for, 
being chemically inert gases, their characterisation was 
simple. They are the last members of the argon family, 
and the fact that there are three of about the same atomic 
weight was probably the first indication, although not 
clearly appreciated, that more than one chemical element 
could occupy the same place in the Periodic Table. 

The extension of the three disintegration series proceeded 
apace ; new members were being continually added, but 
no other new radio-elemen»s— new, that is, in possessing a 
new chemical character— were discovered. The four 
longest lived to be added, radio-lead or radium-D, as it is 
now more precisely termed, and ionium in the uranium 
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series, and mesothoiium-I and radiothorium in the rhodium 
series, could not be separated from other constituents 
always present in the minerals, radium-D from lead, 
ionium and radiothorium from thorium, and mesothorium I 
from radium. An appreciable proportion of the radio- 
activity of a uranium mineral is -due to radium-D and its 
products, and its separation would have been a valuable 
technical achievement, but, though many attempts have 
been made, this has never been accomplished, and, we 
know now, probably never will be. 

Seven years ago it was the general opinion in the then 
comparatively undeveloped knowledge of the chemistry 
of the radio-elements that there was nothing especially 
remarkable in this. The chemist is familiar with many 
pairs or groups of elements, the separation of which is 
laborious and difficult, and the radio-chemist had not 
then fully appreciated the power of radioactive analysts in 
detecting a very slight change in the proportions of two 
elemen’s, one or both ot which were radioactive. The 
case is not at all like that of the rare-earth group of 
elements, for example, in which the equivalent or atomic 
weight is used as a guide to the progress of the separation. 
Here the total difference in the equivalent of the completely 
separated elements is only a very small percentage of the 
equivalent, and the separation must already have proceeded 
a long way before it can be ascertained. 

Human nature plays its part in scientific advances, and 
the chemist is human like the rest. My own views on the 
matter developed with some speed when, in 1910, I came 
across a new case of this phenomenon. Trying to find 
out the chemical character of mesothorium- 1, which bad 
been kept secret for technical reasons, I found it to have 
precisely the same chemical character sb radium, a dis- 
covery which was made in the same year by Marckwald, 
and actually first published by him. I delayed my publi- 
cation some months to complete a very careful fractional 
crystallisation of the barium - radium - mesothorium I 
chloride separated from tboiianite. Although a great 
number of fractiunations were performed, and the radium 
was enriched, with regard to the barium, several hundred 
times, the ratio between the radium and mesothorium I 
was, within the very small margin of error possible in 
careful radioactive measurements, not affected by the pro- 
cess. I felt justified in concluding from this case, and its 
analogy with the several other similar cases then known, 
that radium and mesothorium-I were non-separable by 
chemical processes, and had a chemical character not 
merely like but identical. It followed that some of the 
common elements might similarly be mixtures of chemi- 
cally identical elements. In the cases cited, the non- 
separable pairs differ in atomic weight from 2 to 4 units. 
Hence the lack of any regular numerical relationships 
between the atomic weights would on this view follow 
naturally. (Trans. Chem. Soc. t 1911, xcir., 72). This 
idea was elaborated in the Chemical Society’s Annual 
Report on Radioactivity for 1910, in the concluding 
section summing up the position at that time. This was 
I think the beginning of the conception of different ele- 
ments identical chemically, which later came to be termed 
“ isotopes,” though it is sometimes attributed to K. Fajans, 
whose valuable contributions to radioactivity had not at 
that date commenced, and whose first contribution to this 
subject did not appear till 19x3. 

In the six or seven years that have elapsed the view has 
received complete vindication. Really three distinct lines 
of advance converged to a common conclusion, and, so 
far as is possible, these may be disentangled. First, there 
has been the exact chemical characterisation from the 
new point of view of every one of the members of the 
three disintegration series, with lives over one minute. 
Secondly, came the sweeping generalisations in the inter- 
pretation of the Periodic Law. Lastly, there has been 
the first beginnings of our experimental knowledge of 
atomic structure, which got beyond the electronic con- 
stituents and at the material atom itself. 

In pursuance of the first, Alexander Fleck, at my 
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request, commenced a careful systematic study of the 
chemical character of all the radio-elftments known of 
which our knowledge was lacking or imperfect, to see 
which were and which were not separable from known 
chemical elements. Seldom can the results of so much 
long and laborious chemical work be expressed in so few 
words. Every one that it was possible to examine was 
found to be chemically identical either with some common 
element or with another of the new radio-elements. Of 
the more important characterisations, mesothorium-11 
was found to be non-separable from actinium, radium-A 
from polonium, the three B-members and radium* D from 
lead, the three C-membcrs and radium* E from bismuth, 
actinium- D and thorium* D from thallium. These results 
naturally took some time to complete, and became known 
fairly widely to others working in the subject before they 
were published, through A. S. Russell, an old student, 
who was then carrying on his investigations in radio- 
activity in Manchester. Their interpretation constitutes 
the second line of advance. 

Before that is considered, it may first be said that every 
case of chemical non* separability put forward has stood 
the test of time, and ell the many skilled workers who 
have pitted their chemical skill against Nature in this 
quest have merely confirmed it. The evidence at the 
present day is too numerous and detailed to recount. It 
comes from sources, such as in the technical extraction of 
meso thorium from monazite, where one process is repeated 
m nearly endless number of times ; from trials of a very 
great variety of methods, as, for example, in the investi- 
gations on radium-D and lead by Paneth and von Hevesy ; 
it is drawn from totally new methods, as in the beautiful 
proof by the same authors of the electro-chemical identity 
of these two isotopes ; it is at the basis of the use of 
radioactive elements as indicators for studying the pro- 
perties of a common element, isotopic with it, at con- 
centrations too feeble to be otherwise dealt with, and from 
large numbers of isolated observations, as well as pro- 
longed systematic researches. One of the finest examples 
of the latter kind of work, the Austrian researches on 
ionium, will be dealt with later. The most recent, which 
appeared last month, is by T. W. Richards and N. P. 
Hall, who subjected lead from Australian carnotite, con- 
taining therefore radium-D, to over a thousand fractional 
crystallisations in the form of chloride, without appre- 
ciably altering the atomic weight or the d-activity. So 
that it may be safely stated that no one who has ever 
really tested this conclusion now doubts it, and after all 
they alone have a right to an opinion. 

This statement of the non- separability by chemical 
methods of pairs of groups of elements suffers perhaps 
from being in a negative form. It looks too much like a 
mere negative remit, a failure, but in reality it is one of 
the most sweeping positive generalisations that could be 
made. Ionium we say is non-reparable from thorium, 
but every chemist knows thorium is readily separated from 
every other known element. Hence one now knows every 
detail of the chemistry of the vast majority of these new 
radio-elements by proxy, even when their life is to be 
measured in minutes or seconds, as completely as if they 
were obtainable, like thorium is, by the ton. The dif- 
ference it makes can only be appreciated by those who 
have lived through earlier days, when, in some cases, 
dealing with the separation of radio-constituents from 
complex minerals, after every chemical separation one 
took the separated parts to the electroscope to find out 
wh ere the dmired constituent was. 

As the evidence accumulated that we had to deal here 
with something new and fundamental, the question 
naturally arose whether the spectrum of isotopes would 
be the same. The spectrum is known, like the chemical 
character, to be an electronic rather than mass pheno- 
menon, and it was to be exoected that the identity should 
extend to the spectrum. The question has been tested 
very thoroughly by A. S. Hoaeelt and R. Rossi in this 
country, and by the Austrian workers at the Radium 


Institut of Vienna, (or ionium and thorium, and by various 
workers for the various isotopes of lead. No certain 
difference has been found, and it may be concluded that 
the spectra of isotopes are identical. This identity pro- 
bably extends to the X-ray spectra. Rutherford and 
Andrada having shown that the spectrum of the 7-raps 
of radium-B is identical with the X rays spectrum of its 
isotope, lead. 

Thi Ptriodic Law and Radioactive Change . 

The second line of advance interprets the Periodic 
Law. It began in 1911 with the observation that the 
product of an «-ray change always occupied a place in the 
Periodic Table two places removed from the parent in 
the direction of diminishing mass, and that in subsequent 
changes where a-rays are not expelled the product fre- 
quently reverts in chemical character to that of the parent, 
though its atomic weight is reduced 4 units by the loss 
of the a particle, making the passage across the table 
curiously alternating. Thus the product of radium 
(Group II.) by an « ray change is the emanation in the 
lero group, of ionium (Group IV.), radium, and so on, 
while, in the thorium series, thorium (Group IV.) pro- 
duces by an «-ray change mesothorium-I (Group II.), 
which, in subsequent changes in which no «-ray are 
expelled, yields radio-thorium, back in Group IV. again. 
("Chemistry of the Radio Elements,** p. 29, First Edition 
1911). Nothing at that time could be said about / 3 -ray 
changes. The products were for the most part very 
short-lived and imperfectly characterised chemically, and 
several lacunae still existed in the series masking the 
simplicity of the process. Bet early in 1912 the whole 
scheme became clear, and was pointed out first by A. S. 
Russell, in a slightly imperfect form, independently by K. 
Fajans from electro-chemical evidence, and by myself, in- 
full knowledge of Fleck's results, still for the most part 
unpublished, all within the same month of February. It 
was foond that, making the assumption that uramum-X 
was in reality two successive products giving £-rays r a 
prediction Fajans and Gohring proved to be correct within* 
a month, and a slight alteration in the order at the 
beginning of the oranium series, every «-ray change pro- 
duced a shift of place as described, and every d- ray 
change a shift of one place in the opposite direction. 
Further and most significantly, when the successive 
members of the three disintegration series were put in the 
places in the table dictated by these two roles it was foond 
that all the elements occupying the same place were those 
which had been foond to be non-separable by chemical 
processes from one another, and from the element already 
occupying that place, if it was occupied, before the dis- 
covery of radioactivity. For this reason the term 
" isotope ** was coined to express an element chemically 
non-separable from the other, the term signifying "the 
same place.** 

So arranged, the three series extended from uranium to 
thallium, and the ultimate product of each series occupied 
the place occupied by the element lead. The ultimate 
products of thorium should, because six • particles are 
expelled in the process, have an atomic weight 24 units 
less than the parent, or about 208. The main ultimate 
product of uranium, since eight a particles are expelled in 
this case, should have the atomic weight 206. The atomic 
weight of ordinary lead is 207*2, which made it appear 
very likely that ordinary lead was a mixture of the two 
isotopes, derived from uranium and thorium. The pre- 
diction followed that lead, separated from a thorium 
mineral, should have an atomic weight about a unit 
higher, and that separated from uranium minerals about 
a unit lower, than the atomic weight of common lead, 
and in each case tbit has now been satisfactorily 
established. 

The Atomic Weight of Lead from Radioactive Minerals. 

It should be said that Boltwood and also Holmes had. 
from geological evidence, both decided definitely against 
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t being possible that lead was a product of thorium, 
because thorium minerals contain too little lead, in pro- 
portion to the thorium, to acccrd with their geological 
ages. Whereas, the conclusion that lead was the ultimate 
product of the uranium series had been thoroughly 
established by geological evidence, and has been the 
means, in the hands of skilful investigators, ot ascertaining 
geological ages with a degree of precision not hitherto 
possible. Fortunately I was not deterred by the non 
possumutt for it looks as if everybody was right ! An 
explanation of this paradox will later be attempted. In 
point of fact, there ate exceedingly few thorium minerals 
that do not contain uranium, and since the rate of change 
of uranium is about 2*6 times that of thorium, one part 
of uranium is equal as a lead-producer to 2 6 parts of 
thorium. Thus Ceylon thorianite, one of the richest of 
thorium minerals, containing 60 to 70 per cent of TbOa, 
may contain 10 to 20 and even 30 per cent of UjOs, and 
the lead from it may be expected to consist of very similar 
quantities of the two isotopes, to be in fact very similar 
to ordinary lead. 1 know of only one mineral which is 
suitable for this test. It was discovered at the same time 
al thorianite, and from the same locality — Ceylon thorite, 
a hydrated silicate containing some 57 per cent of thorium 
and z per cent of uranium only. In the original analysis 
no lead was recorded, but I found it contained 0*4 per 
cent, which, if it were derived from uranium only, would 
indicate a very hoary ancestry, comparable, indeed, with 
the period of average life of uranium itself. On the 
other hand, if (1) all the lead is of radioactive origin, (2) 
is stable, and (3) is derived from both constituents, as the 
generalisation being discussed indicated, this 0*4 per cent 
of lead should consist of 95*5 per cent of the thorium 
isotope and 4*5 per cent of the uranium isotope. Thorite 
thus offered an extremely favourable case for examination. 

In preliminary expci iments in conjunction with H. 
Hyman, in which only a grm. or less of the lead was 
available, the atomic weight was found relatively to 
ordinary lead to be perceptibly higher, and the difference, 
rsther less than one-half per cent, was of the expected 
order. 

1 was so fortunate as to secure a lot of 30 kilos, of this 
unique mineral, which was first carefully sorted, piece by 
piece, from admixed thorianite and doubtful specimens. 
From the 20 kilos, of first grade thorite the lead was 
separated, purified, reduced to metal, and cast in vacuo 
into a cylinder, and its density determined together with 
that of a cylinder of common lead similarly purified and 
prepared. Sir Ernest Rutherford’s theory of atomic 
structure, to be dealt with in the latter part of this dis- 
course, and the whole of our knowledge as to what 
isotopes were, made it appear probable that their atomic 
volumes, like their chemical character and spectra, should 
be identical, and therefore that their density should be 
proportional to their atomic weight. The thorite lead 
proved to be 0*26 per cent denser than the common lead. 
Taking the figure 207*2 for the atomic weight of common 
lead, the calculated atomic weight of the specimen should 
bo 20774. 

The two specimens of lead were fractionally distilled 
in vacuo , and a comparison of the atomic weights of the 
two middle fractions made by a development of one of 
Stas’s methods. The lead was converted into nitrate in 
a quartz vessel, and then into chloride by a current of 
hydrogen chloride, in which it was heated at gradually 
increasing temperature to constant weight. Only 
single determinations have been done, and they gave the 
values 207*20 for ordinary lead and 207*694 for the thorite 
lead, figures that are in the ratio of 100 to 100*24. This 
therefore favoured the conclusion that the atomic volume 
of isotopes is constant. 

At the request of Mr. Lawson, interned in Austria, and 
continuing his researches at the Radium Institut under 
Prof. Stefan Meyer, the first fraction of the distilled 
thorite lead was sent him, so that the work could he 
checked. He reports that Prof. Honigschmid has carried 


through an atomic weight determination by the silver 
method, obtaining the value 207*77 ± 0*014, ** the mean 
of eight determinations. Hence, the conclusion that the 
atomic weight of lead derived from thorite is higher than 
that of common lead has been pot beyond reasonable 
doubt. 

Practically simultaneously with the first announcement 
of these results for thorium lead a series of investigations 
were published on the atomic weight of lead from uranium 
minerals, by T. W. Richards and collaborators at Harvard, 
Maurice Curie in Paris, and H6nigschmid and collabora- 
tors in Vienna, which shows that the atomic weight is 
lower than that of ordinary lead. The lowest result 
hitherto obtained is 206*046, by Honigschmid and Mile. 
Horovitz for the lead from the very pure crystallised 
pitchblende from Morogoro (German East Africa), whilst 
Richards and Wadsworth obtained 206*085 for a carefully 
selected specimen of Norwegian cleveite. Numerous other 
results have been obtained, as, for example, 206*405 for 
lead from Joachimsthal pitchblende, 206 82 for lead from 
Ceylon thorianite, 207*08 for lead from monazite, the two 
latter being mixed uranium and thorium minerals. But 
the essential proportion between the two elements has not, 
unfortunately, been determined. Richards and Wads- 
worth have also examined the density of their uranium 
lead. In every case they have been able to confirm the 
conclusion that the atomic volume of isotopes is constant, 
the uranium lead being as much lighter as its atomic 
weight is smaller than common lead. Many careful 
investigations of the spectra of these varieties of lead 
show that the spectrum is absolutely the same so far ae 
can be seen. 

(To be contiousd). 


ON THE LUBRICATING AND OTHER 
PROPERTIES OF THIN OILY FILMS. 

By Lord RAYLEIGH, O.M . F.R S. 

The experiments about to be described were undertaken 
to examine more particularly a fact well known in most 
households. A cup of tea, standing in a dry saucer, is apt 
to slip about in an awkward manner, for which a remedy 
is found in the introduction of a few drops of water, or tea, 
wetting the psrts in contact. The explanation is not 
obvious, and I remember discussing the question with 
Kelvin many years ago, but with little progress. 

It is true that a drop of liquid between two curved sur- 
faces draws them together and so may increase the friction. 
If d be the distance between the plates at the edge of the 
film, T the capillary tension, and • the angle of contact, 
the whole force is (see, for example. Maxwell on “ Capil- 
larity, N Collected Papers, ii., 571) : — 

a AT c ff- a + BT tin a. 

d 

A being the area of the film between the pistes and B its 
circumference. If the fluid wets the plate, a =0 and we 
hive simply aAT/rf. For example, if d«6xro~s cm., 
equal to a wave length of ordinary light, and T (as for 
water) be 74 dynes per cm., the force per sq. cm. is 
25 x 105 dynes, a suction of 2} atmospheres. For the 
present purpose we may express d in terms of the radius 
of curvature (p) of one of the surfaces, the other being sup- 
posed flat, and the distance (x) from the centre to the 
edge of the film. In two dimensions d - x'/ip, and A (per 
unit of length in the third dimension) ■■ 2x, so that the 
force per unit of length is 8pT/x, inversely as x. On the 
other hand, in the more important case of symmetry round 
the common normal A - «■*•, and the whole force is 4*pT, 
independent of x, but increasing with the radius of 
curvature. For example, if T— 74 dynes per cm., aod 
p ~ zoo cm., the force is 925 dynes, or the weight of about 
1 grm. The radius of curvature (p) might, of course, be 
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much greater. There ate circumstance* where (his force 

of importance ; but, an we shall see j.resently. it does 
not avail to explain the etfects now under consideration. 

My first experiments were very simple ones, with a slab 
of thick plate glass and a small glass bottle weighing about 
4 oz. Toe diameter of the bottle is 4.4 cm., and the bottom 
is concave, bounded by a rim which is not ground, but 
makes a fairly good fit with the plate. The slab is placed 
upon a slope, and the subject of observation is the slipping 
of the bottle upon it. It we begin with surfaces washed 
and well rubbed with an ordinary cloth, or gone over with 
a recently wiped hand, we find that at a suitable inclina- 
tion the conditions are uniform, the bottle staittng slowly, 
and moving freely from every position. If now we breathe 
upon the slab, maintained in a fixed position, or upon the 
bottle, or upon both, we find that the bottle sticks, and 
requires very sensible forces to make it move down. A 
hke result ensues when the contacts are thoroughly wetted 
with water instead of being merely damped. When, after 
damping with the breath, evaporation removes the mois- 
ture, almost complete recovery of the original slipperi- 
ness recurs. 

In the slippery condition the surfaces, though apparently 
clean, ate undoubtedly coated with an invisible greasy 
layer. If, after a thorough washing and rubbing under the 
tap, the surfaces are dried by evaporation after shaking of! 
as much of the water as possible, they are found to be 
sticky at compared with the condition alter wiping. A 
better experiment was made with substitution of a strip of 
thinner glass about 5 cm. wide for the thick flab. This 
was heated strongly by an alcohol flame, preferably with 
use of a blowpipe. At a certain angle of inclination the 
bottle was held everywhere, but on going over the surface 
with the fingers, not purposely greased, free movement 
ensued. As might have been expected, the clean surface 
is sticky as compared with one slightly greased ; the diffi- 
culty so far is to explain the effect of moisture upon a 
surface already slightly greased. It was not surprising 
that the effect of alcohol was similar to that of water. 

At this stage it was important to make sure that the 
stickiness due to water was not connected with the 
minuteness of the quantity in operation. Accordingly, a 
glass plate was mounted at a suitable angle in a dish 
filled with water. Upon this fully drowned surface the 
bottle stuck, the inclination being such that on the slightest 
greasing the motion became free- In another experiment 
the water in the dish was replaced by paraffin oil. There 
was decided stickiness as compared with surfaces slightly 
greasy. 

Tne better to guard against the ordinary operation of 
surface tension, the weight of the bottle was increased by 
inclusion of mercury until it reached 20 oz., but without 
material modification of the effects observed. The mois 
lure of the breath, or drowning in water whether clean or 
soapy, developed the same stickiness as before. 

The next series of experiments was a little more 
elaborate. In order to obtain measures more readily, and 
to facilitate drowning of the contacts, the slab was used 
in the horizontal position, and the movable piece was 
pulled by a thread which started horizontally, and passing 
over a pulley carried a small pan into which weights could 
be placed. The pan itself weighed 1 oz. (2S grnis.;. 
Another change was the substitution for the bottle ot a 
small carriage standing on glass leg* terminating in 3 feet 
of hemispherical form and- 5 mm. in diameter. The 
whole weight of the carriage, as loaded, was oz. The 
object of the substitution was to eliminate any effects 
which might arise from the comparatively large area of 
approximate contact presented by the rim of the bottle, 
although in that case also the actual contacts would 
doubtless be only three in number and of very small area. 

With .4 oz. in pan and surfaces treated with the hand, 
the carriage would move within a second or two after 
beinf' placed in position, but after four or five seconds 
contact would stick. Atter a few minutes' contact it may 


require i4oz. in pan to start it. When the slab is breathed 
upon it requires, even at first, 3^02. in the pan to start 
the motion. As soon as the breath has evaporated, 4 0/. 
in pan again suffices. When the weight of the pan is 
included, the forces are seen to be as 1 ? 3. When the feet 
stand in a pool of water the stickiness is nearly the same 
as with the breath, and the substitution of soapy for clean 
water makes little difference. 

In another day s experiment paraffin (lamp) oil was used. 
After handling, there was free motion with 1 oz. in pan. 
When the feet stood in the oil, from aj to 30Z. were 
needed in the pan. Most of the oil was next removed by 
robbing with blotting-paper until the slab looked clean. 
At this stage J oz. in pan sufficed to start the motion. On 
again wetting with oil 202. sufficed instead of the 2? oz. 
required before. After another cleaning with blotting- 
paper .4 oz. in pan sufficed. From these results it appears 
that the friction is greater with a large dose than with a 
minute quantity of the same oil, and this is what is hard to 
explain. When olive oil was substituted for the paraffin 
oil, the results were lest strongly marked. 

Similar experiments with a carriage standing on brasz 
feet of about the same size and shape as the glasa ones 
gave different results. It should, however, be noticed that 
the brass feet, though faidy polished, could not have been 
so smooth as the fire surfaces of the glass. The present 
caniage weighed (with its load) 64 oz., and on the well- 
handled glass slide moved with \ oz. in pan. When the 
slide was breathed upon, the motion wes as free as, 
perhaps more free than, before. And when the feet stood 
in a pool of water there was equal freedom. A repetition 
gave confirmatory results. On another day paraffin oil 
was tried. At the beginning j 01. in pan sufficed on the 
handled slab. With a pool of oil the carriage still moved 
with J oz. in pan, but perhaps not quite so certainly. As 
the oil was removed with blotting-paper the motion became 
freer, and when the oil-film had visibly distppeared the 
l oz. in pan could about be dispensed with. Doubtless a 
trace of oil remained. The blotting-paper was of course 
spplied to the feet and legs of the carriage, as well as to 
the slab. 

In attempting to interpret these results it is desirable to 
know what sort of thickness to attribute to the greasy films 
on handled surfaces. But tbit is not so easy a matter as 
when films are spread upon water. In an experiment 
made some years ago (Phil. X lag., 1910, xix..Q6 ; Scientific 
Papers , v., 53S) I found that the mean thickness of the 
layer on a glass plate, heavily greased with lingers which 
had touched the hair, was about one-fifth of the wave-length 
of visible light, viz., about 10-4 mm. The tlftcknets of tbe 
layer necessary to induce slipperiness must be a small frac- 
tion of this, possibly one tenth, but perhaps much less. We 
may compare this with the thickness of olive oil required to 
stop the camphor movements on water, which I found to 
be about 2 < to- 1 * mm. ( Proc . Roy. Soc 1890, xlvii., 364 ; 
Scientific Papers, iii., 349). It may well be that there is 
little difference in the quantities required for the two 
effects. 

In view of the above estimate and of the probability that 
the point at which surface-tension begins to fall corre- 
sponds to a thickness of a single layer of molecules {Phil. 
Mag., 1 hqg, xlviii., 321 ; Scientific Papers , iv., 430), we 
see that the phenomena here in question probably lie 
outside the field of the usual theory of lubrication, where 
the layer of lubricant is assumed to be at least many 
molecules thick. We are rather in the region of incipient 
seizing, as is perhaps not surprising when we consider the 
smallness of the surfaces actually in contact. And as 
regards seizing there is difficulty in understanding why, 
when it actually occurs, rupture should ensue at another 
place rather than at the recently engaged surfaces. 

It may perhaps be doubted whether the time is yet ripe 
for a full discussion of the behaviour of the thinnest films, 
but 1 will take this opportunity to rut forward a few 
remarks. Two recent French writers. Devaux (a summary 
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0 Devaux’a work, dating from 1903 onwards, will be found 
in the Rtvut Gen . d. Sciences tor Feb. 28, 1913) and 
Marceiin (Ann. Phys ., 1914, i., 19). who have made in- 
teresting contributions to the subject, accept my sugges- 
tion that the drop of tension in contaminated sort aces 
commences when the layer' is one molecule thick ; but 
Hardy ( Proc . Roy. Soc. t A, 1913, lxxxviii., 319) points out 
a difficulty in the case of pure oleic acid, wnere it appears 
that the drop commences at a thickness of i‘3X 10- 6 mm., 
while the thickness of a molecule should be decidedly less. 
Many of Devaux’s observations relate to the case where 
the quantity of oil exceeds that required for the formation 
of the mono- molecular layer, and he formulates a con- 
clusion, not accepted by Marcelin, that the thickness 
of the layer depends upon the existence and dimensions of 
the globules into which most of the supeifluous oil is 
collected, inasmuch as experiment proves that when a 
layer with fine globules exists beside a layer with large 
globules, the former always contracts at the expense of 
the latter. As to this, it may be woith notice that the 
tension T of the contaminated surface could not be 
expressed as a function merely of the volume of the drop 
and of the two other tensions, viz., Ti the tension of an 
air-oil surface and T a that of a water-oil surface. It 
would be necessary to introduce other quantities, such as 
gravity or molecular dimensions. I am still of the opinion 
iormeily expressed that these complications are the result 
of impurity in the oil. If the oil were really homo- 
geneous, Devaux’s view would lead one to regard the 
continued existence of two sizes of globules on the same 
surface as impossible. What would there be to hinder the 
rapid growth of the smaller at the expense of the greater 
until equality was established ? On the other hand, an 
impurity, present only in small proportion, would naturally 
experience more difficulty in finding its way about. 

The importance of impuiities in influencing the trans- 
formations of oil-films was insisted on long ago by 
Tomlinson (Phil. Mag. % 1863, xxvi., 187) ; and as regards 
olive oil, Miss Pockels showed that the behaviour of 
purified oil is quite different from that of the common oil. 
She quotes Richter ( Nature , xlix., 488) as expressing the 
opinion that the tendency of oil to spread itself on water 
is only due to the free oleic acid contained in it, and that 
if it were possible to completely purify the oil from oleic 
acid it would not spread at all ( Nature , 1894, I., 223). 
Some confusion arises from the different meanings attached 
to the word ** spreading.” I suppose no one disputes the 
rapid spreading upon a clean surface which results in the 
formation of the invisible mono-molecular layer. Miss 
Pockels calls this a solution current— a rather misleading 
term, which bis tended to obscure the meaning of her 
really valuable work. It is the second kind of spreading 
in a thicker layer, resulting in more or less rapid subse- 
quent transformations, which is attributed to the presence 
of oleic acid. Miss Pockels Bays : — “ The Provence oil 
used in my experiment was shaken up twice with pure 
alcohol, and the rest (residue) of the latter being carefully 
removed, a drop of the oil was placed upon the freshly 
formed water- surface in a small dish by means of a brass 
wire previously cleaned by ignition. The oil did not 
really spread, but after a momentary centrifugal move- 
ment, during which several small drops were separated 
from it, it contracted itself in the middle of the surface, 
and a second drop deposited on the same vessel remained 
absolutely motionless.” I have repeated this experiment, 
using oil which is believed to have come direct from Italy. 
A drop of this placed upon a clean water-surface at once 
drives dust to the boundary in forming the mono-molecular 
layer, and in addition flattens itself out into a disk of con- 
siderable size, which rapidly undergoes the transforma- 
tions well described and figured by Devaux. The same 
oil, purified by means of alcohol on Miss Pockels’ plan, 
behaves quite differently. The first spreading, driving 
dust to the boundary, takes place entirely as before. But 
the drop remains upon the water as a lens, and flattens 
itself out, if at all, only very slowly. Small admixtures 


of the original oil with the purified oil behave in an inter- 
mediate manner, flattening out slowly and allowing the 
beautiful transformations which follow to be observed 
at leisure. 

Another point of importance does not appear to have 
been noticed. Water-surfaces on which purified olive oil 
stands in drops still allow the camphor movements. Very 
small fragments spin merrily, while larger ones by their 
slower movements testify to the presence of the oil. 
Perhaps this was the reason why in my experiments of 
1890 I found the approximate, rather than the absolute, 
stoppage of the movements to give the sharpest results. 
The absolute stoppage, dependent upon the presence of 
impurity, might well be less defined. 

If, after the deposition of a drop of purified oil, the 
surface be again dusted over with sulphur or talc and then 
touched with a very small quantity of the original oil, 
the dust is driven away a second time and camphor 
movements ceased. 

The manner in which impurity operates in these 
phenomena merits close attention. It seems pretty clear 
that from pure oil water will only take a layer one mole- 
cule thick. But when oleic acid is available a further 
drop of tension ensues. The question arises how does 
this oleic acid distribute itself ? Is it in substitution for 
the molecules of oil, or an addition to them constituting 
a second layer ? The latter seems the more probable. 
Again, how does the impurity act when it leads the general 
mass into the unstable flattened- out form ? In considering 
such questions Laplace’s theory is of little service, its 
fundamental postulate of forces operating over distances 
large in comparison with molecular dimensions being 
plainly violated . — Philosophical Magazine , xxxv., No. 206. 


IONISATION AND POLYMERISATION IN 
CADMIUM IODIDE SOLUTIONS.* 

By R. G. VAN NAME and W. G. BROWN. 

(Concluded from p. 133). 

Freezing-point Measurements. 

Since the purpose of these measurements was to deter- 
mine the effect of successive additions of iodine upon the 
freezing-point of a given cadmium iodide solution, it was 
necessary to employ a method of the “ undercooling ” type, 
the very convenient and accurate method of Roloff ( Zeit . 
Phys. Chem ., 1895, xviii., 572), as improved by Richards 
(Journ. Am. Chem. Soc. t 1903, xxv., 291), being excluded 
by the fact that it would not permit the concentration of 
the cadmium iodide to be kept constant. After unsuccess- 
ful attempts to obtain sufficient accuracy with the aid of 
a modified Beckmann apparatus, using a cryohydric mix- 
ture for the cooling bath, and other special precautions, an 
apparatus was finally devised which satisfactorily met the 
needs of the case. The construction and manipulation of 
this apparatus have been fully described in a former paper 
(Am. Joum. Sci., 1917, [4], xliii., no), so that only the 
principal points in the procedure need be given here. 

The different cadmium iodide solutions used were kept 
in thoroughly steamed bottles of Jena glass. The freezing- 
point of the water was first taken. The water was then 
replaced by the cadmium iodide solution, which had been 
prepared by dissolving the carefully dried and weighed salt 
in a portion of the same water, and diluting to an exact 
volume. At least three determinations of the freezing- 
point were made, using varying degrees of undercooling, 
and no result was accepted unless the fihtl temperature 
held constant within o'oox 0 (the maximum sensitiveness 
of the temperature reading) for at least five minutes. The 
volume of solution used in the freezing point apparatus 
was either 200 or 250 cc. 


* From the American Journal of Science, xliv., p 453 
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The pare cadmium iodide solution was next replaced by 
a portion of the same solution which had been shaken at 
room temperature with an excess of iodine in a Jena glass 
bottle for some hours. At o° this solution was super- 
saturated with iodine. To ensure equilibrium with both 
ice and solid iodine the liquid was allowed to partially 
freeze, and was then kept at its freezing-point with con- 
tinual stirring for several nours. Equilibrium was assumed 
to have been reached when successive determinations of 
the freezing-point agreed, and also successive titrations of 
the dissolved iodine. In this way the freezing-points 
were obtained for solutions saturated with iodine, and for 
those containing no dissolved iodine. Data for the inter 
mediate iodine concentrations were obtained by mixing 
varying amounts of the saturated solution with the original 
pure cadmium iodide solution, determining the freezing- 
point as before, and finally estimating the iodine by 
titration. 

In all these measurements care was taken to maintain 
the room temperature as constant as possible, and in a 
few cases where appreciable variation occurred the 
thermometer readings were corrected for change in the 
length of the projecting mercury thread with the aid of the 
usual formula, using the value 0 000156 for the apparent 
expansion coefficient for mercury in glass. This correc- 
tion was applied only in working with the more dilute 
solutions where iu importance was obviously preatest. 

The results of these experiments are given in Table IV. 
The four concentrations of cadmium iodide studied are the 
same as in the measurements of electromotive force at 25°. 
Iodine concentrations are given in the second column, the 
starred values being those for solutions approximately 
saturated with iodine, having iodine present as a solid 
phase. In the third column are the observed freezing 
point depressions, which in nearly every case are the mean 
of two or three separate determinations. The fourth and 
fifth columns contain the observed values, for the pure 
cadmium iodide solution, of the van’t Hoff coefficient i, 
and of the apparent degree of ionisation 7, as calculated 
in the ordinary way from r. 


Table IV. 


(CdlA 

Dis- 

solved 

F. p- 

vin 1 Hoff 

Dep 

^ i— 1 due 10 

Molec 
dep. far 

iodine. 

dep. 

cotit. 

* "* 2 »odine 

iodine. 

500 

0*0 

I*o6 7 " 

1*147 

Per cent. 

7 ' 35 

234 (?) 

500 

94 

1*089 


0022° 

5 °° 

19 6 

1*095 


0*028 

1-43 

500 

279 

1*112 


OO45 

I 6l 

500 

•40 4 

1*125 


OO58 

**44 

250 

0*0 

0 * 533 ° 

1**45 

7*25 


250 

9*33 

0*546 


0013° 

I40 

250 

* 9*4 

0*558 


0*025 

1*29 

250 

24 9 

0*567 


0034 

**37 

250 

•336 

0*579 


0*046 

*37 

125 

o*o 

0277° 

**93 

965 00 


125 

5*93 

0-285 


0008° 

**35 

125 

10*29 

0*293 


0*016 

1*56 

125 

1675 

0*301 


0 024 

**43 

,2 5 

•27*5 

0*317 


0*040 

1*46 

10 

00 

0*0365° 

1-962 

481 


10 

2*344 

00394 


0*0029° 

1-24 

10 

4*266 

00424 


0*0059 

1*38 

10 

• 7*53 

0*0453 


00088 

1*7 


Previous determinations of i for cadmium iodide by the 
freezing-point method have been made by Arrhenius 
iZHt. Phyt. Cktm .. 18S8. ii., 49*). *y H. C. Jones (Znt. 
Phyt. Chtm ., 1893, xi., 544). *>7 Chambers and 

Frazer {Am. Chtm. J(mm. t 1900, xxiii., 51a). Our values 
at the two lowest concentrations are in excellent agree- 
ment with those of Jooes (whose results only cover con- 
centrations up to o 1 molar), and at the two hither con- 
centrations they are close to the mean between the results 
of Arrhenius and those of Chambers and Frazer. No 


explanation is offered for the fact that i is slightly larger 
in o*5 molar cadmium iodide than in the 0*25 molar solu- 
tion, but the effect is real as it is even more evident in the 
results of the other investigators than in our own. 
Chambers and Frazer ascribe the phenomenon to 
hydration. 

The last column of Table V. shows the •• molecular 
depression for iodine " as obtained by dividing the depres- 
sion due to iodine (column six) by its total concentration 
as given in column two. This quantity proves to be 
roughly constant irrespective of the concentration, and to 
have a value between 1*3 and 1*4, or about three-fourths 
of 1*86, the normal molecular lowering for a non* 
electrolyte in pure water. 

The relatively large amount of this increase proves that 
the cadmium tri-iodide formed is deiived ultimately from 
some source which previously contributed a much smaller 
number of molecules and ions to the solution. Unless, 
therefore, we are willing to admit that the cadmium tri- 
iodide may have in thesclution a degree of ionisation 
many times greater than that of the simple cadmium 
iodide molecules, these results must be regarded as clear 
proof of the existence of complexes in these solutions. 
(A rough calculation shows that to accoont for the results 
in the absence of complexes the ratio of these two degrees 
of ionisation would have to be over 2 in the 0*01 molar 
solution, about 8 in the next, and about 25 in the 
strongest). On the other hand, if the effect is largely or 
wholly due to complexes, as is probably the case, the 
relative constancy of the values in the last column of 
Table IV. is an indication that the complexer are present 
in considerable quantity even in the more dilute solutions. 
On account of the low solubility of iodine in water at o* 
the depression doe to the iodine which remains uncom- 
bined is so small as not to affect the validity of this 
reasoning. (Its maximum value it 0 0012, which is 
reached only when the solution is saturated with iodine). 

Owing to the presence of complexes it it of course im- 
possible to get any accurate measore of the concentration 
of the iodine ion from the value of i. but in the present case 
the error so involved would not necessarily be very large. 
Of the various kinds of complex ions to be expected here 
the two simplest and roost proSable are Cdly and CdI 4 M , 
formed as products of the equilibria— 

iCdl, ~p_ (Cdl,), Cd+M Cdl,” 

and — 

3CdI, ^ (Cdl 2)1 ^ Cd + * MCdl,'. 

In both of these cases the number of ions produced it 
the same as the number of Cdl> molecules disappearing, 
so that the net result of the complex formation will be to 
diminish the freezing-point depression by a small amount 
due to that part which remains in the form of non-ionised 
polymerised molecules, (Cdla)a or (Cdl 2)3 as the case may 
be. Hence, if valoes for the concentrations of the iodine 
ion are calculated in the usual way from the freezing- 
point lowerings the results will, in general, be low. buf in 
sufficiently dilute solutions should not be very far from 
the truth. 

In Table V. the iodine ion concentrations, so calculated, 
are tabulated for comparison with those derived from the 
measurements of electromotive force. For the two lowest 
concentrations the agreement is fairly good, but in the 
0*25 molar solution the difference is not in the expected 
direction, and in the strongest solution the discrepancy is 
surprisingly large, far exceeding the probable experimental 
error. For this result there is no evident explanation, but 
it is significant that it coincides with a marked irregularity 
in the freezing- point lowering. As was noted above, the 
results of all cryoecopic measurements with cadmium 
iodide show that above about 0-3 molar the value of • 
apparently rises with the concentration, although the 
attendant decrease in ionisation and increase in polymeri- 
sation would both tend to tower it. 
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(Cdlyl. 

Table V. 

(I') at 0 

from freezing point. 

(I ) ai 

from F..M.F 

500 

74 

3°*4 

250 

36 

31*2 

125 

24 

275 

zo 

q-6 

10-5 


Nature and Concentration of the Complexes. — Thui far 
the question of the nature of the complex ions and mole- 
cules has been left open. Of the various complex ions 
which may be present in the solutions. Cdl 3 ', as McBain 
has shown (loo. cit.), is apparently the most probable 
one. The high transport number of the anion, which 
approaches 1-25 in the most concentrated solutions, 
cannot be explained by assuming the predominance of 
Cdl 4 " without assigning to that ion an improbably high 
velocity. This objection, however, would not app y to 
such ions as Cd 2 I 5 ' or Cd 3 Is", though there would be less 
reason to expect their presence than that of the less 
complex ones just mentioned. 

McBain has calculated the approximate composition of 
a 0*1 molar solution of cadmium iodide upon the assump- 
tion that Cdl 3 ' is the only complex ion present in appreci- 
able amount. This calculation, which is based entirely 
upon freezing-point, transference, and conductivity data, 
gives the values (Cdl 3 ') - 0*0084) and (T) - 0*0126. This 
woul 4 .make (Cd++) * 0*0105, thus accounting for about 
19 per cent of the total iodide. McBain concludes that 
the remaining four- fifths is present in the form of simple 
non-ionised Cdl 2 molecules, and that the proportion of 
complex molecules is negligible. 

There are several serious objections to these figures 
(a) If so large a part of the salt is in the form of simple 
Cdl 2 molecules the power of the salt to combine with 
iodine should be but slightly lower than normal, while in 
reality the “ active fraction ” at this concentration is only 
about 20 per cent. (This low power to unite with iodine 
cannot be explained by the low ionisation of the Cdl 2 
molecules unless it is assumed that the degree of ionisa- 
tion of the cadmium tri-iodide is about nine times larger. 
This is obviously very improbable). (6) The molecular 
conductivity of the solution as calculated for 18 0 from the 
above composition is 22*5, or less than half the value 
actually measured, which ia 467. (For the method of 
calculation see below. The ionic conductivities here 
used were those employed by McBain, namely ; 
JCd = 51, Cdl 3 ' - 41, and r-66 4. If the values 
given below be employed the result is 21*1 instead of 22*5). 
(c) The value of (I') calculated by McBain is much lower 
than that given by the electromotive force method. 

In a similar manner it is possible to calculate the 
approximate composition of cadmium iodide solutions 
from the experimental data furnished by our measure- 
ments of electromotive force, and by our previous study 
of the iodine-cadmium iodide equilibrium. These calcula- 
tions will be confined to the o*oi and 0*125 molar solu- 
tions, for which the data are presumably most accurate. 
It will be assumed that Cdl 3 ' is the only complex ion 
present in significant amount, and that the degree of 
ionisation of (Cdl 2 ) 3 is of about the same order of magni- 
tude as that of the average uni-bivalent electrolyte. 

Allowing for the effect of the excess of Cd^+ ions, 
which is much larger in the o*oi molar than in the 01 25 
molar solution, we may assume that the degree of ionisa- 
tion is 80 per cent in the former and 75 per cent in the 
latter. An error of a few per cent in the degree of ionisa- 
tion assumed will not greatly change the results. Using 
these degrees of ionisation, the “ active fractions ’ given 
on p. 149 and the values of O') from Table I., we obtain 
the results recorded in Table VI. That these values differ 
greatly from those of McBain is evident. Interpolation of 
these results for o*i molar concentration gives, approxi- 
mately, (Cdl 3 ')« 0-045 * n d (I') *0-021, figures which are 
respectively 5 and 1*7 times those of McBain. 

Since the values in Table VI. depend upon neithtf 
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freezing-point nor conductivity measurements, their 
correctness may properly be tested by calculating the 
van ’t HofT coefficient i and the molecular conductivity for 
each solution. For i we obtain 0*0199/0*01 =* 1*90, and 
0*135 0-125 « rob respectively, while the measured values 
(see Table V.) are 196 and 1*19. 

Table VI. 


0 01 molar. 0125 molar. 
(Cdl 3 ') ... ... 24 52*0 

(Cd+ +) .. .. 645 397 

(F) io *5 27*5 

(Cdl 2 ) .. .. 025 7*2 

(Cdl 2 ); .. .. 03 8-b 


To calculate the molecular conductivity we must obtain 
a value for the conductivity of Cdl/. If we assume with 
McBain that the value 1-25, the limit which the observed 
(anion) transport number of a cadmium iodide solution 
tends to approach with increasing concentration, is that 
of the anion Cdl 3 ', then the relative velocity of this io.» 

must be 1 2 A « 0*42 ; that is, 42 that of Cd+ For 

3 5 # 

the equivalent conductivity of the Cd+ + ion we may use 
the value 47 for x8°, which corresponds to 56 at 25^. 
This gives, for Cdl 3 ', 34 at i8 J and 40 5 at 25 0 . For 
iodine ion the values are 66*6 and 76-5 respectively. Tne 
molecular conductivity of the 0 01 molar solution at 25^ 
should therefore be — 

{(ooo645)(ii2) + (o-oo24)(40*5) + (o-oi05)(76-5); -5-001 * 

— 1622, 

and for the 0125 molar solution, calculated in the same 
way, 69 2. 

These calculated conductivities are much too high, the 
measured values being 120 and 57 respectively, a result 
which seems to be due to some tault in the assumptions 
made rather than to experimental errors. It is not 
clear, however, how this discrepancy can be eliminated 
without introducing some other one. The evidence at 
hand is in some respects conflicting, and is obviously in- 
sufficient for an exact solution of the problem. In short, 
though some of the values in Table VI. are probably 
nearly correct, the figures as a whole can represent, at 
best, no more than a rough approximation to the truth. 

The Iodine -Cadmium Iodide Equilibrium at o°. — Each of 
the starred values in Table V. represents the solubility of 
iodine in the given solution at its freezing-point, whi;h, 
as an approximation, may be assumed to be the same as 
the solubility at o° in the same medium. By subtracting 
the solubility of iodine in pure water at o J (0 000638 
mols/litre) (Jones and Hartmann, Journ. Am. Chem. Soc., 
iq 1 5, xxxvii., 256) we obtain (£l 3 ), the equivalent con- 
centration of the tri-iodide formed, and can therefore 
calculate the approximate value of the equilibrium con- 
stant K x «(i’l)(l 2 );(ii 3 ). 

The results so obtained are given in Table VII., which 
compares the values of K { for cadmium iodide at o° and 
25° with those for potassium iodide at the same tempera- 
tures and concentrations. All of these figures refer to 
solutions saturated with iodine. The values for cadmium 
iodide at 25 ’ were taken from our previous article ; those 
for potassium iodide at o° were calculated in the way just 
described from data given by Jones and Hartmann (loc. 
cit., p. 250) ; those for potassium iodide at 25° were taken 
from the article of Bray and MacKay. 


Table VII. 

Potassium iodide - 


Concentra- 

Cadmium iodide— 

' r 

„ 

tion, 


Ki at 0 , 

Ki at 25 °, 

equiv. /litre. 

Ki at o° Ki at 25°. 

Joues and 

Bray and 


(approximate). 

Hartmann. 

MacKay. 

1-0 

0*0154 0*023 * 

— 

0*00046 

••5 

0-0090 0-0x37 

— 

0-00088 

0*25 

OOO53 0*0082 

— 

— 

cvio 

— — 

0*000646 

0-00131 

O 02 

oooi I 0*00247 

0 000796 

000137 
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These figures show that the values o f K x for csdmiam 
Iodide at o* is abnormal in the same way as at 25°, being 
larger throughout than for a normal iodide like potassium 
iodide, and increasing rapidly with the concentration. 
The effect upon K x of a change in temperature, however, 
is practically the tame for the cadmium as for the potas- 
sium salt. 

Summary . 

1. Measurements have been made— (a) by the electro 
motive force method, of the iodine ion concentration in 
cadmium iodide solutions of 0*5, 0 25, 0*125, *°d 0 01 
molar strength, containing various amounts of dissolved 
iodine ; also ( b ) of the freezing-point lowering of each 
of these cadmium iodide solutions, and of the futthet 
lowering produced by the addition of known amounts oi 
iodine. 

2. Values of (l*) calculated in the ordinary way from 
the cryoscopic measurements should be slightly lower, it 
complexes are present, than those electrically measured. 
This was found to be the case in :he 0 01 and o 125 
molar solutions, but not in the two stronger solutions. 

3. The freezing-point of a cadmium iodide solution was 
depressed by the addition of iodine in a nearly constant 
ratio, which in the stronger solutions was about 13 per 
mol. and only slightly smaller in the weakest solution. 
This indicates the presence of complexes in considerable 
quantity even in the 0*01 molar solution. Neither this 
result nor the abnormally low power of cadmium iodide to 
unite with iodine can be accounted for, in the absence of 
complexes, by the assumption that the degree of ionisa- 
tion of the cadmium iodide is very small, unless this low 
ionisation U accompanied by nigh ionisation of the 
cadmium eri-iodide, a state of affairs which is decidedly 
improbable. 

4. A tentative calculation of the composition of the two 
more dilute cadmium iodide solutions, based upon the 
assumption that the ion Cdl 3 ' and its parent molecule 
(Cdlih are the only complexes present, failed to give 
results in quantitative agreement with other experimental 
data. 
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ROYAL SOCIETY. 

Ordinary Muting , March 14, iqiS. 

Sir J. J. Thomson, O.M., President, in the Chair. 

Papers were read as follows : — 

•• On an Expansion of the Point Potential.” By. A. W. 
Conway, F.k.S. 

The general solution of the equation C'A 1 ^ - which 
U infinite at the origin, is of the form f[Ct ± r) r. This 
U infinite to the first degree. Referred to a different 
origin, a known expansion gives the series £Y»U« where 
Y» is a spherical harmonic and V n U a certain function of 
t and of the distance to the new origin. ThU is a 
generalisation of the Legendre expansion of the inverse 
distance. In the paper the potential scale or vector of a 
moving point-charge U expanded in a similar series of 
spherical harmonics, the only restriction on the motions of 
the point-charge and of the origin being that the speed of 
the former must be less than that of light. 

M The Lunar and Solar Diurnal Variation 1 of Water 
Level in a Well at Ketr Observatory , Richmond ” By 
B. O. Bilham. 

The mean solar and lunar diurnal inequalities have been 
computed from two-hourly measurements of the Ksw 
Observa t ory water-level records over a period of two 
years. Results are given for each month, for the year, 
and for groups of months representing high, intermediate, 


and low levels. Both the lonar and solar diurnal ranges 
are found to be largely dependent on the level of the 
water, high levels being associated with large diurnal 
range. In a paper recently communicated to the Society 
it was shown that a similar relation exists between the 
mean level and the sensitiveness to the effects of barometric 
pressure. 

There are well-marked lunar and solar semi-diurnal 
oscillations throughout the year, the amplitude varying 
with the level in a manner similar to the diurnal range. 
In both cases the phase also varies with the level, the 
effect being roost pronounced in the lunar results. The 
times of occurrence of the maxima become later as the 
water level falls. 

In comparison with the total oscillations in the neigh- 
bouring River Thames the well shows larger solar diurnal 
movements than were to be anticipated from the magni- 
tude of the lonar oscillations, if, however, allowance 
is made lor the effects ol the solar diurnal variation of 
barometric pressure, the residual effects attributed to the 
solar tides are of the expected order of magnitude. 


CHEMICAL SOCIETY. 

Ordinary Meeting , March 7, 1918. 

Prof. W. J. Pope, C.B.K., F.R.S., President, 
in the Chair. 

The President referred to the loss sustained by the 
Society, through death, of the following Fellows 
Arthur Clegg Rowdier, Egerton Hargreaves, and Edmond 
Arthur Letts. 

Messrs. G. Taylor, J. R. Morgan, T. W Kirkwood, 
and G. War burton were formally admitted Fellows of the 
Chemical Society. 

The names of the Fellows recommended by the Council 
for election as Officers and as Ordinary Members of 
Council for 19x8—1919 were read from the Chair. 

The President announced that owing to the need for 
economy in the use of paper, the Council had decided not 
to provide each Fellow with a copy of the Report of 
Council, but that any Fellow wishing to consult the 
Report could do so by applying to the Assistant Secretary. 

Certificates were read for the first time in favour of 
George Edwin Anderson, B.Sc., 247, John Williamson 
Street, South Shields ; James Booth. 18. Wilfred Street, 
Derby; Stanley D xon, M.Sc., 17, Morton Terrace, 
Gainsborooeh ; Arthur Geake, M.Sc., No. 1, Staff House, 
Eastriggs. Dumfriesshire ; William Hughes, 63, Golding- 
too Avenus, Bedford ; Stewart Roy Illingworth, B.Sc., 
A.R.C.S., Fern Villa, Cbcsham Bois. C hash am ; George 
Johnson, 4, Birch Grove, Weeste, Manchester ; Robert 
Duncan Masson, 13, West bourne Grove. West Kirby, 
Birkenhead ; Harold Scragg, Post Office, St. Anthony*!, 
Nswcastle-upon-Tyne ; David Dryden Spence, Risca, 
Woodbine Avenue, Gosfort, Newcastle-upon-Tyne ; 
William F.dwm Upton, M.A., 663, Leigh Road, Leigh ; 
Thomas Wallace. M.Sc., 307, Beaco sfteld Street, New- 
castle-upon-Tyne ; Henry Worth, 70, Vyntr Street, York. 

A certificate for election baa been authorised by the 
Council for presentation to ballot under By-law 1 . (3) in 
favour of Govindra Chandra Dat, B Sc., 20. Soaker 
Oboes Lane, Calcutta. 

The following papers were read : — 

“ Atomic and Molecular Numbers.** By H. S. Allen. 

"The Alkaloids of Ipecacuanha." (Part III). By 

F. L. Pvman. 


Ordinary Meeting , March 21, 1918. 

The President referred to the lost sustained by the 
Society, through death on February 22, iqtS, of Mi. 
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Thomas Charles Cloud, who was elected a Fellow on 
February 7, 1878. 

Certificates were read for the first time in favour of 
Wilfred John Brizell, .20, Cromer Drive, Wallasey, 
Cheshire; James Scott Dick, B. Sc., 93, Wellmeadow Road, 
Catford, S.E. 6; John Henry Freeman, 2, Park Road, 
Stanford-le-Hope, Essex ; Archibald Edwin Goddard, 
B.Sc., “The Osborne,” Irvine; Robert John Hughes, 
B.Sc., Lakefield House, Llanelly ; Harold Thomas 
Islip, A.I.C., “ Stilton,” St. Mark's Road, Maidenhead ; 
GeOrge Turpin Moore, B.Sc., 19, Neale Street, Roker, 
Sunderland; George Newbery, B.Sc., A.R.C.S., “Glen- 
more," Balcombe, Haywards Heath; William Charles 
Peck. 2o, Bassano Street, East Dulwich, S.E. 22 ; Arthur 
Nutter Smith, 47, North Road, West Bridgford, Notting- 
ham ; John Henry Taylor, 56, Highbury, Newcastle-upon- 
Tyne ; Thomas Tucker, 2, York Villas, Queen’s Road, 
Buckhurst Hill, Essex; Augustus James Tyrrell, xi, 
Holdenhurst Road, Bournemouth ; Arthur Robert Warnes, 
47, CranbroOk Avenue, Cottingham Road, Hull. 


LONDON CHAMBER OF COMMERCE. 

“ Bill to Amend the Patents and Designs Act, 1907." 

“ Bill to Amend the Trades Marks Act, 1905. 

The President of the Board of Trade, the Right Hon. 
Sir A. Stanley, M.P., with the Parliamentary Secretary of 
the Board of Trade, Mr. Wardle, M.P., and the Comp- 
troller of the Patent Office in attendance, received on 
Tuesday, March 12, 1918, a very large and important 
deputation — organised by the London Chamber of Com- 
merce — at the Board of Trade, representative of the 
principal Chambers of Commerce of the country, the 
Federation ol British Industries, the London and Eastern 
Association* of Controlled Firms, the Institution of Elec- 
trical Engineers, the Chemical Industries, the Newspaper 
Proprietors Associations, and others, introduced by Sir 
George Croydon Marks, M.P., for the purpose of making 
representations to the President concerning the new Bills 
to amend the Patents and Designs Act, 1917, and the 
Trade-Marks Act of 1905, which wefe introduced in the 
last Sessions ot Parliament. 

Sir George Croydon Marks, in introducing the depu- 
tation, explained that practically all the industries of the 
country were represented at the deputation ; meetings of 
Scientific and other Societies and the Institutions and 
Federations connected with the different trades having 
already passed resolutions suggesting seiious amendments 
to the Bills that had been introduced, as they were of 
opinion that the position of Patentees had not been fully 
appreciated by those who had drafted the Bills ; while the 
proposals in reference to the Trade- Mat ks had created 
alarm, not only in this country, but in America, where it 
wasfeltthat the sweeping reforms that were proposed would 
amount to almost the confiscation of the established rights 
and interests that had been built up in this country in 
accordance with the provisions and the safeguards of the 
existing legislation, under which it was believed that the 
heavy expenditure that had been incurred would be pro- 
tected for the interests of those who had created the 
industries associated with the Trade-Marks in question. 

The views of the different Societies and of the 
Chambers of Commerce were advanced by Mr. J. E. 
Evans- Jackson, Mr. W. M. Morday, Mr. C. Sampson, 
Mr. J. McDowell, Mr. A. E. Warden, and Mr. C. C. 
Ford, in the course of which the President was asked 
whether it would not be possible to introduce a short non 
contentious Bill that would permit a moratorium in re- 
ference to the lapsing of patents upon which fees are 
being paid during the war, but in connection with which 
no manufacture could be carried on due to the works 
being controlled and to the war claims of the nation. 

It was pointed out concerning Trade-Marks that very 
serious contentions were advanced as to the grave injary 
which would result to the trading community of the 


country if Part II. of the Trade-Marks Bill was pro- 
ceeded with. 

Sir Albert Stanley, in replying to the deputation, 
stated that the Government hoped that it would be appre- 
ciated by all the industries that the measures introduced 
were in the nature of “ war time ” measures, and were 
designed solely for the protection and the betterment of 
the industries, and without the slightest intention of 
hampering or restricting the trade or commerce of the 
country. On the other hand, abuses have crept up in 
the past that our enemies had been most assiduous to take 
advantage of; for example, they had endeavoured to 
build up by toe use of Trade- Marks as the names of 
different products, perpetual monopolies that would pre- 
vent any person or any trader in this country from being 
able to supply those products, and thus while if a patent 
were granted there would be but a limited monopoly for 
fourteen years, when the process would become public 
property, yet by the astute coining of words to describe a 
product, that which was in effect created was a perpetual 
monopoly in connection with the product, which was un- 
doubtedly t j the detriment, alike of the public, and a 
serious menace to the development of manufactures of 
the industries of the country. 

In reference to the suggestion that had been made for 
the introducing of a short Bill to extend the life of patents 
for the period of the war which had been stated to be non- 
contentious, his experience assured him that sometimes 
that which appeared a very non-contentious Bill provoked 
a great deal of opposition, and he was of opinion 
that there would be no greater difficulty in carrying 
through legislation to bring about all the desired reforms 
in connection with our Patent procedure than there would 
be to carry through a Bill dealing with only a portion, 
namely, the difficulties that had arisen in regard to the 
lapsing of patents that could not be worked during the 
present war. 

All classes of the community suffered and had to make 
sacrifices alike of their interests and of their business 
during the war, and it would be impossible to place in- 
ventors and patentees, however important their inventions 
might be, in a privileged position ; provision had been 
made in the Bill for extending the life of all patents, and 
also special provisions for extension were proposed when 
it could be shown that direct losses had resulted due to 
the war, while a corresponding benefit had been given to 
the nation in connection with the industries at the expense 
of the patentee. 

The Bills were framed in a way that would admit of 
amendment, and he did not wish to indicate the character 
of the amendments that might be entertained, but he 
wished the deputation to clearly understand that the one 
object in view of his Department was to assist the in- 
dustries and to develop the resources of the country by 
means of securing a betterment of the Patent laws, and 
the breaking down of the abuses of the monopolies that 
had hitherto been associated with Patents and Trade- 
Marks, so that it came almost as surprise to him to find 
that such criticisms had been advanced against the pro- 
posals, while apparently the real object of the Government 
had not been adequately appreciated by those who had 
examined the Bills. 

As regards the Trade-Marks Bill, there were many 
words that had passed into common language and could 
be found in our dictionaries as the names of or descriptive 
of new products, words that were probably coined for the 
convenience of simple description and designation, and it 
would be unfair to the manufacturing and trading com- 
munity of the country to permit a word which had become 
the only practical designation of devices or products that 
were now open to all in the Realm to produce, to be solely 
associated with the products and manufactures of one 
firm ; for that would be creating monopolies of a perpetual 
character and hampering and restricting trades for the 
development of which the Patent law was solely and only 
created. 
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It most always be remembered that the granting of 
patents was for the encouragement and the development 
of industries by the creation of a limited monopoly for 
the benefit of those who introduced the new inventions ; 
provisions, however, bad always been made in the 
existing Statute to safeguard any abuse that might arise 
thereunder agaiost the interests of the community as a 
whole. 

Sir George Croydon Marks, in thanking Sir Albert 
Stanley, assured him that the deputation highly appreciated 
the sympathetic manner in which he had listened to their 
views and for the hint that bad been given concerning the 
possibility of amendments that could be introduced to the 
existing Bills, such as might tend to remove or correct 
any misapprehension that may have arisen, alike in the 
minds of the trading community or in the wording or 
phraseology of the Bills, for carrying out the avowed 
intentions of the Government for the development of the 
industries of this country. 

1 , 2, and >, Oxford Court, and 
97. Cannon Street, London, E.C. 4. 


CORRESPONDENCE. 


TU LABORATORY APPARATUS DliALliRS. 

To tht Editor of the Chemical News. 

Sir, -1 was looking at my list of apparatus and materials 
which the chemical dealer tells me must wait until the 
War is over before they can be obtained from Germany. 
1 regret to say the list is a formidable one ; I had to add 
to it this week. Few in our generation will ever 
knowingly purchase goods made in Germany if they can 
be obtained from other countries. We feel that German 
goods must appear to be smeared with the blood of our 
relatives and countrymen. I take it that my position io 
much the same as obtains with the beads of other 
laboratories in the country. Surely, therefore, it is time 
our British manufacturers realised that it is not much use 
tinkering with laboratory glass and porcelain ware, if the 
thousand and one other forms of laboratory apparatus 
have to be purchased in Germany after the War. It 
seems reasonable to suppose that the orders for laboratory 
glass and porcelain ware are bound to ultimately ac- 
company the orders for the other requisites.— I am, &c., 

X. Y. Z. 


SILICA BRICKS. 

To the Editor of the Chemical Neu s. 

Sir , — I shall be obliged if any of your readers can recom- 
mend any book dealing with the manufacture and testing 
of high class silica bricks. In fact, any information on 
this subject will be very welcome. — I am, &c., 

E. L. B. 


MISCELLANEOUS 


Chemical Society. — The next Ordinary Scientific 
Meeting will be held on Thursday, April 18, 191b, at $ 
p.m., when Sir Henry Miers, F.R.S., will deliver the 
Hugo Muller Lecture, entitled, " The Old and the New 
Mineralogy.” 

Queensland Dyes.— At the annual meeting of the 
Queensland Chamber of Manufacturers. Mr. J. Campbell, 
who was present by invitation, to give details of bib 
experiments in North Queensland, said bo felt very 
gratified, as an isolated worker in the North, to have the 


support and interest of such a body as the Chamber of 
Manufacturers. The four branches of products in which 
be was at present chiefly interested were paper polp, fibre, 
dyes, and tanners' extracts. We bad heard a good deal 
of the shortage of some of these articles, but it was an 
unnecessary shortage, for in the district in which he was 
working there were acres of materials which could be 
used for their manufacture. An excellent paper could be 
made from blady grass, China burr, aide retusa, and 
lantana. With his present machinery it was only possible 
to turn out two tons per week, but there was no reason 
why the output should not be increased to 400 tons per 
week, which was the requirement for the whole of 
Australia. It would mean a matter of £50,000 to erect a 
plant which would make us independent of outside sup- 
plies. In the matter of dyes he had been following to a 
large extent on the lines of his ancestors, the Highlanders, 
who, it was well known, extracted the dyes for their 
tartans from weeds. No fewer than fifty different shades 
bad been taken by him from plants which could be bad 
not only by the hundredweight but by the ton. He had 
only just taken up the study of colouring matter for con- 
fectioners. Recently he had received a mineral from a 
miner, and from that stone he bad extracted a beautiful 
green and a blue dye. So far, he had got an excellent 
green, a fair red, a purple, and a yellow, and with the 
exception of the latter, these were all the products of 
vegetables. The yellow was obtained from tha body of 
the wallaby, but he had found now that it could be also 
got from bark.— (London Correspondent of The North 
Queensland Register, Weavers' Hall, 22, Basinghall Street, 
London, E.C. 2). 

Trade Organisation Development.— A Conference 
which is to take place between trade representatives and 
Ciovernment representatives in the Saddlers' Hall, London, 
on April 12, will mark a new point in the process of Trade 
Organisation, to which the country is now giving so much 
attention. On behalf of the Government three Minstrics 
will be represented by their re‘p:ctive Ministers - Dr. 
Addison, Minister of Reconstruction; Mr. C. H. Roberts, 
Minister of Labour ; and Mr. Hayes Fisher, President of 
the Board of Trade. The trade immediately concerned 
on this occasion is the Made-up Leather Goods and 
Belting Industry, and representatives both of employers 
and of employed will be present. The object of the 
meeting is to promote the formation, for this particular 
industry, of an “ Interim Industrial Reconstruction Com- 
mittee,” and the movement is of interest to people of 
other trades because this Committee, it is hoped, will be 
the first of many similar Committees, to be formed by 
such trades and industries of the country as cannot sec 
their way clear to forming at once a full Industrial Council 
for their trade on the lines recommended in the First 
Whitley Report. The Interim Industrial Reconstruction 
Committee is to serve as a stepping-stone or half way 
house to the full Industrial Council status. The First 
Whitley Report, it will be remembered, advocated a Joint 
Standing Industrial Council for each trade, but this re- 
commendation was regarded as practicable only in such 
trades as had attained a considerable degree of industrial 
organisation as regards both employers and workers. 
Interim Industrial Reconstruction Committees are now 
advocated for such industtiesand trades as have not attained 
so complete a degree of organisation, and also for more 
highly organised trades in cases where there are difficulties 
in the way of forming Joint Standing Industrial Councils. 
They are intended to seive temporarily some of the 
functions allotted to Industrial Councils, but they have 
also one added function of great importance, namely, to 
promote organisation both of employers and of employed 
in their industry until each side has reached that degree of 
organisation which wilt admit of full Industrial Councils 
being formed. They are to give their attention also to 
other urgent problems which in the case of more fully 
organised industries will be dealt with by Industrial 
Councils. Among these problems are all the many trade 
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difficulties embraced under the general bead ” demobilise 
tion ” and the re-absorption into industry of men from the 
various branches of national service at home and abroad ; 
also the problems that wi}l arise from the shortage of raw 
materials and the general shortness ot money. They will 
be asked to consider also such questions as new industries, 
the proper disposal of Government surplus stores, and 
other c|uestions affecting the general welfare and prosperity 
of their industries. But the great function of Interim 
Industrial Reconstruction Committees will be to bring 
about, each within its own industry, that degree of 
organisation both on the part of the employers and on the 
part of the workers, and jointly on behalf of both, which 
will make possible the establishment for that trade of 
full Industrial Council which can speak for its trade with 
one voice, act for it with the unanimous support of all 
its members, and represent it in the councils of the nation. 

Iron and Steel Institute . -Annual Meeting , 1918.— 
The Annual Meeting of the Institute wi 1 be held, by kind 
permission, in the house of the Institution of Civil Engineers, 
Great George Street, Westminster, on Thursday and 
Friday, May 2 and 3, 1918, commencing on Thursday at 
10.30 a.m., and on Friday at 10 a.m. The following is 
the programme of proceedings 

Thursday , May 2 (at 10.30 a.m.). 

General Meeting of Members. 

The Council will present their Report for the year 1917. 
The Hon. Treasurer will present the Statement of 
Accounts for 1917. 

Scrutineers will be appointed for the examination of 
voting papers for election of new Members and 
Associates of the Institute. 

The retiring President (Sir William Beardmore, Bart.) 
will induct into the Chair the President-Elect (Mr. 
Eugene Schneider). 

Award of the Bessemer Medal for 19 xS to Sir William 
Beardmore, Bart., Past President. 

The President will deliver his Inaugural Address. 

A selection of papers will be read and discussed. 

The meeting will be adjourned. 

Friday , May 3, (at 10 a.m.). 

General Meeting of Members. 

The award of grants from the Andrew Carnegie Re- 
search Fund in aid of research work will be 
announced. 

A selection of papers will be read and discussed. 

Those papers for which time cannot be found will be 
taken as read and discussed by correspondence. 
Afternoon Sessions will also probably be held. 

The list of papers expected to be submitted is given below, 
but it is possible that the publication of some of them 
may be restricted by the Censor. 

Presidential Address by Mr. C. Eugene Schneider. 

Report of the Blast Furnace Committee— “ Practical 
Points affecting Yield and Efficiency of Blast 
Furnaces.” 

G. D. Cochrane— “ Importance of Coke Hardness.” 

Dr. F. H. Hatch—" Economic Value of the Jurassic 
Iron Ores of Great Britain.” 

T. C. Hutchinson— " Fuel Economy in Blast Furnaces.” 

A. Lennox Leigh— 11 Economy in Gas Cleaning.” 

Kenneth Chance — " Potash Recovery from Blast 

Furnaces.” 

E. H. Lewis— “ Manufacture of Portland Cement from 
Blast Furnace Slag.” 

Dr. J. E. Stead— (( Blast Furnace Bears.” 

Dr. A. MacWilliam — 14 Technical Aspects of the 
Establishment of the Heavy Steel Industry in 
India, with Results of some Researches connected 
therewith.” 

B. Talbot—” Production of Sound Steel by Lateral 
Compression of the Top Portion of the Ingot.” 

J. N. Kilby—” Steel Ingot Defects.” 

Dr. J. E. Stead— 41 Notes on Inclusions in Steel and 
Ferrite Lines.” 


of 


A. McCance—” N on-metallic Inclusions in Steel.” 

Dr. W. Rosenhain and D. Hanson— ” A Cause 
Brittleness in Mild Steel Boiler Plates.” 

E. F. Law— “ Effect of Mass on Heat Treatment.” 

J. II. Whiteley— 44 Effect of Cold Work on the Divorce 
of Pearlite.” 

J. A. Van Den Broek— ” Effect of Cold Working on the 
Elastic Properties of Steel.” 

Dr. J. E. Stead- 44 Iron, Carbon, and Phosphorus.” 

Col. N. Belaiew— 44 Damascene Steel.” 

Dr. J. N. Friend— ” Protection of Iron with Paint 
against Atmospheric Corrosion.” 

W. R. Schoeller and A. R. Powell— 44 Determination of 
Cobalt and Nickel in Cobalt Steel.” 


'J'O comply with Regulation 8 (6) of the Defence ot the Realm 
Act, advertisements from firms whose business consists 
wholly or mainly in Engineering, Shipbuilding, or the production 
of Munitions of War, or of substances required for the production 
thereof, must include the words 44 No person resident more than 
ten miles away or already engaged on Government work will be 
engaged. 44 


J unior Assistant Chemist required in the 

Laboratory of an Engineering Works in the South of England. 
f*od knowledge of Theoretical chemistry, with tome experience in 
ilyses, desirable. No oee need apply who has bean passed for 
Military service in a higher grade than Cfasa B 2 or Grade III. Give 
particulars of age, training, and salary required.— Address, E. W. 
Chemical News Office, 16, Newcastle Street, Farringdon Street 
London, E.C. 4. 


\/f etallurgical Chemist wanted by Sheffield 

1YA firm to take charge of shift on 7-ton Heroult furnace. Must 
have first-class experience with Carbon and Alloy Steels.— Address 
S. F., Chemical News Office, 16, Newcastle Street, Farringdoh 
Street, London, E.C. 4. 


\^anted for the Laboratory of large Chemical 

V Factory, well-trained and experienced Analysts. Accurate 
and systematic workers required.- Address, C. B., CuaMicAL News 
Office, 1 6, Newcastle Street, Farringdon Street, London, E.C. 4. 


PATENTS AND DESIGNS ACTS, 1907-1914. 

MANUFACTUTE OF PHENOLIC 
CONDENSATION PRODUCTS. 

X he Proprietors of BRITISH LETTERS 

p ATENT No. 9492 of 1914 are prepared to Sell the Patent or 
cense British manufacturers to work under it. It relates to the 
reaction together of an Anhydrous Methylene body, a Phenolic body 
and a Phenolic compound having on Alkylated Hydroxyl group in its 


Address: BOULT, WADE, 


and TENNANT, 
m/ixa, Hatton Garden, 
London, E.C. x. 


STRONTIUM SULPHATE 

(Average ep, gr. 3*95). 

'fllli BRISTOL MINERAL and LAND 


are Owners of large deposits, and invite 


COMPANY, Ltd., 
enquiries. 

Address, Carlton Chambers, Baldwin Street, Bristol, England. 
Telegraphic address — 1 Beetroot, 44 Bristol. Telephone No. 38 


Now Rmmtip. 

JOHN WHKLDON A CO. ’8 

SCIENTIFIC CATALOGUE 

(No. 82), comprising Books and Papers on 

Chemistry, Physios, Astronomy, 
Meteorology, Blectrioity, Technology, Ac. 

T uopence, post free. 

38, CHEAT QUEEN ST., KINGSWAY, LONDON, W.C. 2. 
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THE CHEMICAL NEWS 

Vol. CXVII., No. 304* 

SPECIAL NOTICE TO SUBSCRIBERS. 

We regret to announce that the recent paper 
restrictions will compel us for a period, until we 
can secure our usual supply of paper, to publish the 
Chemical News fortnightly instead of weekly. 

The price will not be altered, except as regards 
the subscription price, which, until further notice, 
will be calculated at £i for fifty-two numbers, or 
Pro rata . 

Subscribers will please note that the respective 
expiration dates of their subscriptions will be 
extended accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their extended 
subscription periods. 

The seat Issue (No. 9017 ) wiU be published on 
M*y 10th. 

THE COMPLEXITY OF THE CHEMICAL 
ELEMENTS.* 

By Prof FREDERICK SODDY, M A., F.R.S. 

(Concluded from p. 160). 

Thorium and Ionium . 

A second quite independent case of a difference in 
atonic weight between isotopes has been established. It 
concerns the isotopes thorium and ionium, and it is con- 
nected in an important way with the researches which, on 
two pterions occasions, I have given an account of here, 
the researches on the growth of radium from uranium, 
which bare been in progress now for fourteen years. It is 
the intervention of ionium and its very long period of life 
which has made the experimental proof of the production 
of radium from uranium such a long piece of work. Pre- 
viously only negative results were available. One could 
only say, from the smallness of the expected growth of 
radium, that the period of average life of ionium must be 
at least 100,000 veers, forty times longer than that of 
radium, and, therefore, that there must be at least forty times 
as much ionium by weight as radium in uranium minerals, 
or at least 13*6 grms. per 1000 kilos, of uranium. Since 
then further measurements, carried out by Miss Hitchins 
last year, have shown definitely for the first time a clear 
growth of radium from uranium in the largest preparation, 
containing 3 kilos, of uranium, and this growth, as theory 
requires. Is proceeding according to the square of the 
time. In three years it amounted to ax 10- grms. of 
radium, and in six years to just four times this quantity. 
From this result it was concluded that the previous esti- 
mate of 100,000 years for the period of ionium, though 
still of the nature of a minimum rather than a maximum, 
was very near to the actual period. 

Joachim sthal pitchblende, the Austrian source of 
radium, contains only an infinitesimal proportion of 
thorium. Ac ionium preparation separated, by Auer von 

* A paper read before the Royal Ionite tioo, May jS, 1917, 


Welsbacb, from 30 tons of this mineral, since no thorium 
was added during the process, was an extremely con- 
centrated ionium preparation. The atomic weight of 
ioniua~cslculited by adding to the atomic weight 0 i its 
produet, radium, four for the e particle expelled in the 
change— is 230, whereas that of thorium, its isotope, is 
slightly above 232. The question was whether the ionium- 
thotiom preparation would contain enough ionium to show 
the difference. Hdnigschmid and Mile. Horoviu have 
made a special examination of the point, first redetermin- 
ing as accurately as possible tbe atomic weight of thorium 
I and then that of the thorium-ionium preparation from 
! pitchblende. They found 232*12 for the atomic weight of 
thorium, and by the same method 231*51 for that of the 
ionium -thorium. A very careful and complete examina- 
tion of the spectra of the two materials showed for both 
absolutely the same spectrum and a complete absence of 
impurities. 

If the atomic weight of ionium is 230, the ionium- 
thorium preparation must, from its atomic weight, contain 
30 per cent of ionium and 70 per cent of thorium by 
weight. Prof. Meyer has made a comparison of the 
number of •- particles given per second by this preparation 
with that given by pure radium, and found it to be in the 
ratio of 1 to 200. If 30 per cent is ionium, the activity 
of pure ionium would be one-sixtieth of that of pure 
radium, its period some sixty times greater, or 150,000 
years. This confirms in a very satisfactory manner our 
direct estimate of 100,000 years as a minimum, and inci- 
dentally raises rather an interesting question. 

My direct estimate involves directly the period of 
uranium itself, and if the value accepted for this is too 
high, that for the ionium will be correspondingly too low. 
Now, last week, Prof. Joly was bringing before you, 

I believe, some of his exceedingly interesting work on 
pleochroic halos, from which he has grounds for the con- 
clusion that the accepted period of uranium may be too 
long. But since I obtained, for the period of ionium, a 
minimum value two-thirds of that estimated by Meyer 
from the atomic weight, it is difficult to believe that the 
accepted period of uranium can have been over-estimated 
by more than 50 per cent of the real period. The matter 
could be pushed to a further conclusion if it were found 
possible to estimate the percentage of thorium in tbe 
thorium-ionium preparation, a piece of work that ought 
not to be beyond the resources of radio-chemical analysis. 
This would then constitute a check on the period of 
uranium as well as on that of ionium. Such a direct check 
would be of considerable importance in the determination 
of geological ages. 

The period of ionium enables us to calculate tbe ratio 
between the weights of ionium and uranium in pitch- 
blende, as 17*4 to io 9 , and the doctrine of the non- 
separability of isotopes leads directly to tbe ratio between 
tbe thorium and uranium in tbe mineral, as 41*7 to 10*. 
This quantity of thorium is, unfortunately, too small for 
direct estimation. Otherwise it would be possible to devise 
a very strict teat of the degree of non-separability. As it 
19, the work is sufficiently convincing. Thirty tons of a 
mineral containing a majority of tbe known elements in 
detectable amount, in the bands of one whose researches 
in tbe most difficult field of chemical separation are world- 
renowned, yield a preparation of| tbe order of one- 
millionth of the weight of the mineral, which cannot be 
distinguished from pure thorium in its chemical character. 
Anyone could tell in the dark that it was not port 
thorium, for its e-actiyity is 30,000 times greater than that 
of thorium. This is then submitted to that particular 
scries of purifications designed to give the purest posable 
thorium for in atomic weight determination, and it 
emerges without any separation of tbe ionium, but with 
a spectrum identical with that of a control specimen of 
thorium similarly purified. The complete absence of im- 
purities in the spectrum show that the chemical work has 
been very effectively done, and tbe atomic weight ahows 
that it most contain 30 per cent by weight of the iaotope 
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ionium, a result which agrees with its a-activity and the 
now known period of the latter. 

Determination of Atomic Weights . 

The results enumerated thus prove that the atomic 
weight can no longer be regarded as a natural constant, 
or the chemically pure element as a homogeneous type of 
matter. The latter may be, and doubtless often is, a 
mixture of isotopes varying in atomic weight over a small 
number of units, and the former then has no exact physi- 
cal significance, being a mean value in which the pro- 
portions of the mixture as well as the separate atomic 
wtigbts are both unknown. New ideals emerge and old 
ones are resuscitated by this development. There may be 
after all a very simple numerical relation between the true 
atomic weights. The view that seems most probably true 
at present is that while hydrogen and helium may be the 
ultimate constituents of matter in the Proutian sense, and 
the atomic weights therefore approximate multiples of that 
of hydrogen, small deviations, such as exist between the 
atomic weights' of these two constituent elements them* 
selves, may be due to the manner in which the atom is 
constituted, in accordance with the principle of mutual 
electro-magnetic mass, developed by Silberstein and 
others. The electro-magnetic mass of two charges in 
juxtaposition would not be the exact sum of the masses 
when the charges are separated. The atomic weight of 
hydrogen is 1*0078 in terms of that of helium as 3*99, and 
that the latter is not exactly four times the former may 
be the expression of this effect. Harkins and Wilson have 
recently gone into the question with some thoroughness, 
and the conclusion of most interest in the present con- 
nection, which appears to emerge, is in favour of regarding 
most of the effect to occur in tbe formation of helium 
from hydrogen, and very little in subsequent aggregations 
of the helium. In the region of the radio-elements, where 
we have abundant examples of the expulsion of helium 
atoms as a-particles, it seems as if we could almost safely 
neglect this effect altogether. Thus radium has the atomic 
weight almost exactly 226, and the ultimate product almost 
exactly 206, showing that in 5 a- and 4 jS-ray changes the 
mean effect is nil, and the atomic weights are moreover 
integers in terms of oxygen as 16, or helium 4. It Is true 
that the atomic weights of both thorium and uranium are 
between o*x and 0 2 greater than exact integers, but it is 
difficult to be sure that this difference is real. 

When, among the light elements, we come across a 
clear case of large departure from the integral value, such 
as magnesium 24*32 and chlorine 35*46, we may reason- 
ably suspect the elements to be a mixture of isotopes. If 
this is true for chlorine, it suggests a most undesirable 
feature in the modern practice of determining atomic 
weights. More and more the one method has come to be 
relied upon. The preparation of the chloride of the 
element and the comparison of its weight with that of tbe 
silver necessary to combine with tbe chlorine, and with 
tbe weight of tbe silver chloride formed. 

Almost the only practical method, and that a very 
laborious and imperfect one, which may be expected to 
resolve a mixture of isotopes, is by long-continued frac- 
tional gaseous diffusion, which is likely to be the more 
effective the lower tbe atomic weight. Assume, for 
example, chlorine were a mixture of isotopes of separate 
atomic weights 34 and 36, or 35 and 36. The 34 isotope 
would diffuse some 3 per cent faster than the 36, and the 
35 some x*5 per cent taster. 

Tbe determination of the atomic weight of chlorine in 
terms of that of silver has reached now such a pitch of 
refinement that it should be able to detect a difference in 
the end fractions of the atomic weight of chlorine, if 
chlorine or hydrogen chloride were systematically subjected 
to diffusion. It is extremely desrable that such a test 
of the homogeneity of this gas should be made in this way. 

Clearly a change must come in this class of work. It 
is not of much use starting with stuff out of a bottle 
labelled “ purissimum ” or “ garantirt,” and in determining 
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to the highest possible degree of accuracy tbe atomic 
weight of an element of .unknown origin. The great 
pioneers in the subject, like Berzelius, were masters of tbe 
whole domain of inorganic chemistry, and knew the 
sources of the elements in Nature first-hand. Their suc- 
cessors must revert to their practice and go direct to 
Nature for their materials, must select them carefully with 
due regard to what geology teaches as to their age and 
history, and, before carrying out a single determination, 
they must analyse their actual raw materials completely, 
and know exactly what it is they are dealing with. Much 
of the work on the atomic weight of lead from mixed 
minerals is useless for failure to do this. They must rely 
more on the agreement, or disagreement, of a great 
variety of results by methods as different and for materials 
as different as possible, rather than on the result of a 
single method pushed to the limit of refinement, for an 
element provisionally purified by a dealer from quite 
unknown materials. The preconceived notion that the 
results must necessarily agree if the work is well done 
must be replaced by a system of co-operation between the 
workers of the worl > checking each other’s results for tbe 
same material. A year ago anyone bold enough to publish 
atomic weight determinations which were not up to the 
modern standards of agreement among themselves would 
have been regarded as having mistaken his vocation. If 
these wider ideals are pursued all the labour that has been 
lavished in this field, and which now seems to have been 
so largely wasted, may possibly bear fruit, and where tbe 
newer methods fail, fsr below the narrow belt of 
elements which it is possible to watch changing, tbe 
atomic weight worker may be able to Dick up the threads 
of the great story. No doubt it is writ in full in the 
natural records preserved by rock and mineral, and the 
evidence of the atomic weights may be able to carry to 
a triumphant conclusion the course of elementary evolu- 
tion, of which as yet only an isolated chapter has bean 
deciphered. 

The Structure of the Atom. 

Tbe third line of recent advance, which does much to 
explain the meaning of the isotopes and the Periodic Law, 
starts from Sir Ernest Rutherford’s nuclear theory of the 
atom, which is an attempt to determine the nature of 
atomic structure, which again is the necessary preliminary 
to the understanding of the third aspect in which tbe 
elements are or may be complex. That uranium and 
thorium are built up cf different isotopes of lead, helium, 
and electrons is now an experimental fact, since they have 
been proved to change into these constituents. But the 
questions how they are built up, and what is the nature of 
the non-radioactive elements, which do not undergo 
changes, remain unsolved. 

Prof. Bragg showed in 1905 that the a-particles can 
traverse the atoms of matter in their path almost as 
though they were not there. As far as he could tell, and 
the statement is still true of tbe vast majority of a-particles 
colliding with the atoms of matter, the a-partide ploughs 
its way straight through, pursuing a practically rectilinear 
course, losing slightly in kinetic energy at each encounter 
with an atom, until its velocity is reduced to the point at 
which it can no longer be detected. From that time tbe 
a-particle became as it were a messenger that could pene- 
trate the atom, traverse regions which hitherto bad been 
bolted and barred from human curiosity, and on re- 
emerging could be questioned, as it was questioned 
effectively by Rutherford, with regard to what was inside. 
Sir J. J. Thomson, using the electron as the messenger, 
had obtained valuable information as to the number of 
electrons in the atom, but the massive material n-particle 
alone can disclose the material atom. It was found that, 
though the vast majority of a-particles re-emerge, from 
their encounters with the atoms, practically in the same 
direction as they started, suffering only slight hither and 
thither scattering due to their collisions with the electrons 
in tbe atom, a minute proportion of them suffer very large 
and abrupt changes of direction. Some are swung round, 
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emerging in the opposite to their original direction. The 
vast majority that get through all bat undetected have 
met nothing in their passage save electrons, 8000 times 
lighter than themselves. The few that are violently swung 
out of their course must have been in collision with an ex 
ceedingly massive nucleus in the atom, occupying only 
an insignificant fraction of its total volume. The atomic 
volume is the total volume swept out by systems of 
electrons in orbits of revolution round the nucleus, and 
beyond these rings or shells guarding the nucleus it is 
ordinarily impossible to penetrate. The nucleus is re 
garded by Rutherford as carrying a single concentrated 
positive charge, equal and opposite to that of the sum of 
the electrons. 

Chemical phenomena deal almost certainly with the 
outermost system of the detachable or valency electrons 
alone, the loss or gain of which conditions chemical com- 
bining power. Light spectra originate probably in the 
same region, though possibly more systems of electrons 
than the ootermost may contribute, while the X-rays and 
y-rays seem to take their rise in a deep-seated ring or shell 
around the nucleus. But mass phenomena, all but an in- 
significant fraction, originate in the nucleus. 

In the original electrical theory of matter the whole mass 
of the atom was attributed to electrons, of which there 
would have been required nearly 2000 times the atomic 
weight in terms of hydrogen as unity. With the more 
definite determination of this number, and the realisation 
that there were only about half as many as the number 
representing the atomic weight, it was clear that all but 
an insignificant fraction or the mass of the atom was 
accounted for. In the nuclear hypothesis this mass is con- 
centrated in the exceedingly minute nucleus. The electro- 
magnetic theory of inertia accounts for the greater mass 
if the positive charges that make up the nucleus are very 
much more concentrated than the negative charges which 
constitute the separate electrons. The experiments on 
scattering clearly indicated the existence of such a concen- 
trated central positive charge or nucleus. 

The mathematical consideration of the results of «-ray 
scattering, obtained for a large number of different 
elements, and for different velocities of «-ray, gave further 
evidence that the number of electrons, and therefore the 
-h charge on the nucleus, is about half the number repre- 
senting the atomic weight. But van der Broek, reviving 
an isolated suggestion from a former paper full of sug- 
gestions on the Periodic Law, which were, I think, in 
every other respect at fault, suggested that closer agree- 
ment with the theory would be obtained if the number of 
electrons in the atom, or the nuclear charge, was the 
number of the place the element occupied in the Periodic 
Table. This is now called the atomic number, that of 
hydrogen being taken as 1, helium 2, lithium 3, and so on 
to the end of the table, uranium 92, as we now know. 
For the light elements it is practically half the atomic 
weight ; lor the heavy elements rather less than half. 

1 pointed out this accorded well with the law of radio- 
active change that had been established to bold over the 
last thirteen places in the Periodic Table. This law might 
be expressed as follows The expulsion of the a-particle 
carrying two positive charges lowers the atomic number 
by two, while the expulsion of the d-particle, carrying a 
single negative charge, increases it by one. In ignor- 
ance of van der Brock's original suggestion, I had, in 
representing the generalisation, shown the last thirteen 
places as differing by unit by unit in the number of 
electrons in the atom. 

Then followed Moseley’s all-embracing advance, showing 
how from the wave-lengths of the X-rays, characteristic 
of the elements, this conception explained the whole 
Periodic Table. The square roots of the frequency of 
the characteristic X-rays are proportional to the atomic 
numbers. The total norober of elements existing between 
uranium and hydrogen could thus be determined, and it 
was found to be 92, only five of the places being vacant. 
The “ exceptions ” to the Periodic Law, such as argon and 
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potassium, nickel and cobalt, tellurium and iodine, in 
which an element with higher atomic weight precedes 
instead of succeeds one with lower, was confirmed by the 
determination of the atomic numbers in every case. From 
now on, this number, which represents the + charge on 
the nucleus, rather than the atomic weight, becomes the 
natural constant which determines chemical character, 
light and X ray bpectra, and, in tact, all the properties of 
matter, except those that depend directly on the nucleus — 
mats and weight on the one hand, and radioactive pro- 
perties on the other. 

What, then, were the isotopes on this scheme ? 
Obviously they were elements with the tame atomic 
number, the same nttt charge on the nucleus, but with a 
differently constituted nucleus. Take the very ordinary 
sequence in the disintegrttion series, one o- and two fJ-rays 
being successively expelled in any order. Two -h^md 
two - charges have been expelled, the nttt charge of the 
nucleus remains the same, the chemical character and 
spectrum the time as that of the first parent, hot the mass 
is reduced 4 units because a helium atom, or rather 
nucleus, has been expelled as an v-partide. Tht mass 
depends on the gross number of -i- charges in tbe nucleus, 
chemical properties on the difference between tbe gross 
numbers of + and - charges. But the radioactive pro- 
perties depend not only on tbe groat number of charges 
but on tbe constitution of tbe nucleus. We can have 
isotopes with identity of atomic weight, as well as of 
chemical character, which are different in their stability 
and mode of breaking up. Hence we can infer that this 
finer degree of isotopy may also exist among tbe stable 
elements, in which case it would be completely beyond 
our present means to detect. But when transmutation 
becomes possible such a difference would be at once 
revealed. 

Tbe case is not one entirely of academic interest, 
because it is probable that the reconciliation of the con- 
flicting views of the geologists and chemists, who con- 
cluded that lead waa not the ultimate product of thorium, 
and those who by atomic weight demonatrations on the 
lead have shown that it is, depends probably on this point. 

As has long been known, thorium-C, an isotope of 
bismuth, disintegrates dually. For 35 per cent of tbe 
atoms disintegrating, an a-ray is expelled followed bv a 
flray. For the remaining 65 percent tbe fl-ray it first 
expelled and is followed by the a-ray. Tbe two products 
are both isotopes of lead, and both have the same atomic 
weight, but they are not the same. More energy it 
expelled in the changes of tbe 65 per cent friction than 
in those of the 35 per cent. Unless they are both com- 
pletely stable a difference of period of change is to be 
anticipated. 

The tame thing is true for radium C, but here all but a 
very minute proportion of tbe atoms disintegrating follow 
the mode followed by tbe 65 per cent in tbe case of 
thorium C. The product in this case, radium- D, which, 
of course, is also an isotope of lead, with atomic weight 
2x0, is not permanently stable, though it has a fairly long 
period, twenty-four years. Tbe other product is not 
known to change further, but then, even if it did, it is in 
such small quantity that it it doubtful whether the 
change would have been detected. But, so far as is 
known, it forms a stable isotope of lead of atomic weight 
2x0, formed in the proportion of only 0*03 per cent of tbe 
whole. 

Now the atomic weight evidence merely shows that one 
of the two isotopes of lead formed from thorium it stable 
enough to accumulate over geological epochs, and it does 
not necessarily follow that both are. Di. Arthur Holmes 
has pointed out to me that tbe analysis 1 gave of the 
Ceylon thorite leads to a curiously anomalous value for 
tbs age Of tbe mineral. Tbe quantity of thorium lead per 
grm. of thorium is 0*0062, and this, divided by the rate 
at which tbe lead is being produced, 472 x to-** grm. of 
lead per grm. of thorium per year, rives the age as 131 
million years. But a Ceylon pitchblende, with uranium 
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72*8$ per cent and lead 4*65 per ceot, and ratio of lead to 
uranium as 0*464, give* the age as 512 million years. Dr. 
Holmes regards the two minerals as likely to be of the 
same age, and the pitchblende to be, of all the Ceylon 
rcsolts, the one most trustworthy for age measurement. 

If we suppose that, as in the case of radium D, the 
65 per cent isotope of lead derived from thorium is not 
stable, and that only the 35 per cent isotope accumulates, 
the age of the mineral would be 375 million years, which 
the geologists are likely to consider much more nearly the 
truth. But the most interesting point is that, if we take 
the atomic weight of the lead isotope derived from 
uranium as 206*0, and that derived from thorium as 208 0, 
and calculate the atomic weight of the lead in Ceylon 
thorite, assuming it to consist entirely of uranium lead 
and of only the 35 per cent isotope from thorium, we get 
the value 207*74, which is exactly what I found from the 
density, and what Prof. Honigschmid determined 

(ao7*77). .... 

The question remains, if this is what occurs, what does 
this unstable lead change into ? If an a-particle were ex- 
pelled mercury would result, or if a 0-particle bismuth, 
two elements of which I could find no trace in the lead 
group separated from the whole 20 kilos, of mineral. But 
if an a - and a 0-particle were both expelled, the product 
would be thallium, which is present in amount small but 
sufficient for chemical as well as spectroscopic characteri- 
sation. If the process of disintegration does proceed as 
suggested, it should be possible to trace it, for this parti- 
cular lead should give a feeble specific a • or 0-radiation, 
in addition, of cou se, to that due to other lead isotopes. 
So far it has not been possible to test this. In the mean- 
time, the explanation offered is put forward provisionally 
as being consistent with all the known evidence. 

Looking for a moment in conclusion at the broader 
aspects of the new ideas of atomic structure, it seems 
that though a sound basis for further development has 
been roughed out, almost all the detail remains to be 
supplied. We have got to know the nucleus, but beyond 
the fact that it is constituted, in heavy atoms, of nuclei 
of helium and electrons, nothing is known. Whilst as 
regards the separate shells or rings of electrons which 
neutralise its charge and are supposed to surround it, like 
the shells of an onion, we really know nothing yet at all. 
The original explanation, in terms of the electron, of the 
periodicity of properties displayed by the elements, still 
remains all that has been attempted. We may suppose, 
as we pass through the successive elements in the table, 
one more electron is added to the outermost ring for each 
unit increase in the charge on the nucleus, or atomic 
number, and that when a certain number, 8 in the early 
part of the table, 18 later, a complete new stable shell or 
ring forms, which no longer participates directly in the 
chemical activities of the atom. Thanks, however, to 
Moseley's work, this now is not sufficiently precise ; for 
we know the exact number of the elements, and the 
various atomic numbers at which the remarkable changes, 
in the nature of the periodicity displayed, occur. Any 
real knowledge in this field will account not only for the 
two short initial periods, but also for the curious double 
periodicity later on, in which the abrupt changes of pro- 
perties in the neighbourhood of the zero family alternate 
with the gradual changes in the neighbourhood of the 
Vlllth groups. The extraordinary exception to the prin- 
ciple of the whole scheme presented by the rare-earth 
elements remain a complete enigma, none the less im- 
pressive because, beyond them again in the table, the 
normal course is resumed and continues to the end. 


Violet Raya and Ferroua Ammonium Sulphate.— 
The decinormal solution stocked in actinic blue bottles is 
apt to rapidly deteriorate on use if kept in ordinary glass. 
In this way the factor for correcting such solutions can 
change in eighteen hours, ., from x*oo to o 99, a measure 
of actinic effect. -J. C. Thomlinson, B.Sc. 
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DETERMINATION OF MOISTURE IN COKE. 

By ARNO C. FIELDNBR sod WALTER A. SELVIG, 

Introduction , 

The experiments described in this paper were undertaken, 
in the course of fuel investigations made by the Bureau of 
Mines, with the purpose of ascertaining the moat rapid 
and simple method for determining the moisture in coke 
with sufficient accuracy for use in specifications for the 
purchase of coke by the Government, by industrial con- 
cerns, or by private individuals. 

For the determination of moisture in coal, the Com- 
mittee on Coal Analysis of the American Society for 
Testing Materials and the American Chemical Society 
(“ Tentative Methods for Laboratory Sampling and 
Analysis of Coal," (< Year Book, Am. Soc. Test. Mat.," 
1915, p. 600) recommend heating the pulverised sample 
(6o-mesb) for one hour at 104 — iio° C. in an oven through 
which is passed a rapid current of air dried by passing 
through concentrated sulphuric acid. Under the same 
conditions 20-mesh samples must be heated one and a-balf 
hours. 

In order to obtain comparable results, the method 
specified most be strictly followed, especially with coals 
normally having a high moisture content. Experiments 
have shown that such coals will easily give off 1 per cent 
more moisture in an atmosphere having a high moisture 
content. Experiments have shown that such coals will 
easily give off x per cent more moisture in an atmosphere 
of circulating dry air than in an atmosphere of more or less 
stagnant air in which there is an appreciable partial pres- 
sure of water-vapour. It is also essential, in order to 
obtain the correct moisture content, to pulverise the coal 
to a fineness of at least io-mesh before the final mois- 
ture determination. The best practice is to air- dry the 
coal at i or 1 inch size, and then to pulverise it for the 
final determination of residual moisture, thus determining 
the water in two stages. 

Undoubtedly the above method for the determination of 
moisture in coal gives results of the same degree of 
accuracy when applied to coke. However^ owing to the 
much greater stability of coke as compared to coal, it ia 
believed that a simpler method gives accurate results. 

Coal is a complex mixture of extremely sensitive organic 
compounds containing a considerable proportion of 
hydrogen and oxygen. These compounds are easily 
altered by heating and by oxidation. On the other band, 
coke is the residual product obtained from heating coal to 
a high temperature, and consists chiefly of carbon and in- 
organic ash-forming constituents. The hydrogen and 
oxygen content is less than x per cent, and the carbon is 
fused, so that the great number of very finely-divided 
particles of the original coal substance, which afforded a 
vast surface system for the condensation of moisture films, 
are united. 

It therefore seems probable tbar the circulation of dried 
air is unnecessary ; that larger temperature limits than 
104— no° C. are permissible; that no appreciable gain 
in weight due to absorption of oxygen takes place on 
heating longer than one hour, and, finally, that practically 
all the moisture should be removed on heating the un- 
pulverised coke to constant weight. If the latter pro- 
cedure is permissible the ever present danger of loss of 
moisture during pulverisation will be eliminated, and it 
will be possible to determine the moisture content of a 
shipment of coke with the same ease and simplicity as for 
iron ores. 

Review oj the Literature . 

Comparatively few reports of experiments on the deter- 
mination of moisture in coke have been published. Moat 
text-books recommend the same procedure as for coal. A 
few investigators have recognised that coke may be dried 
to constant weight in much the same manner as ore is 
dried. 
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Table I. — Results 0/ Determining Moisture at 105° C. in 60 mesh Coke, utith and without Dry-air Circulation. 
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Tbornec recommends that the gross sample of coke be 
pulverised and quartered to hasel not size immediately 
af er collection (“Beitrage zut beatimmongdcr Feuchtigkeit 
ond Asche in Koks,” Stahl undEisen , Bd. viii., Th. 2, 1888 
S. f 589). A representative portion of 1200 to 1500 grms. 
is placed in a galvanised>iron can, sealed moisture-tight, 
and shipped to the laboratory. At the laboratory a glass 
tube is inserted in a suitable opening in the can, and pushed 
down until the end is near the bottom. The can is then 
weighed, plsced in an air-oven at 105— no°C., ancT heated 
to constant weight while a current ot air is drawn through 
the tube. Usually eight to ten hours are required to 
remove all the moisture. 

The 1912 report of the Committee on standard methods 
for determining the constituents of foundry coke specifies 
that the gross sample of coke shall be crushed to £ inch size, 
mixed, and quartered (“Report of the Committee on Standard 
Methods for Determining the Constituents of Foundry 
Coke,” Tresns. Am. Foundrymens Assoc., 1912, xxi., 143). 
One quarter shall be reserved for the determination of total 
moisture. This determination consists in drying to con- 
stant weight at 104— 107° C. 

Wegener found that saturated lump coke containing 16 
to 20 per cent water lost 4 per cent water while being 
pulverised, and put through a sieve having 4 mm. meshes 
(“ Ueber den Waster- und-Aschengehalt des Kokses,” 
Ferrum , 1913, Bd. x., 321, 353). Unsaturated coke con- 
taining 9 per cent water lost from 1 to 2 per cent water. 
To avoid this loss of moisture Wagener recommended that 
the gross sample of coke be quickly broken down to fisc 
size with a hammer, then mixed and quartered. Two 
opposite quarters weighiog about 60 kgrms. are weighed 
on a tared galvanised- iron pan, placed in a large oven, 
and dried for twenty-four hours at a temperature of 130° 
C. The loss in weight is the total moisture. This dried 
sample is then pulverised and analysed, it being assumed 
that moisture is reabsorbed from the atmosphere during 
the pulverising process. 

Effect of Dry -air Circulation and Duration of Heating. 

The first series of tests by the authors of this paper 
were made to ascertain whether the circulation of dry air 
through the oven is necessary to remove the maximum 
amount of moisture. Twelve samples of different metal- 
lurgical cokes from various sources were prepared by 
crushing the air-dry coke to 60 mesh. Moisture deter- 
minations were made in duplicate by the standard method 
need by the Bureau of Mines for determining moisture in 
eoal (F. M. Stanton and A. C. Fieldner, “Methods of 
Analysing Coal and Coke, Tech. Paper 8, Bureau of 
Mines, 1913, p. 12). Samples weighing 1 grm. were 
placed in {-inch by ij-inch porcelain capsules, and in sets 
of 12 heated for one hour at 105" C. in a constant tempera- 
ture oven. A current of air, dried by concentrated sul- 


phuric acid, was passed through the oven and over the 
samples rapidly enough to change the total volume of air 
in the oven two to four times in one minute. At the end 
of the heating period the capsules were covered with 
closely fitting fiat aluminium covers, and cooled in separate 
desiccators over concentrated sulphuric acid. Each 
capsule was rapidly weighed to the nearest 0*5 mgrm. im- 
mediately upon removal from the desiccator. 

Duplicate determinations were also made in sets of 12 
in the same oven without using dry-air circulation, and a 
fifth set of determinations was made in which the period 
of heating was extended totwohoors, in order to ascertain 
whether any gain in weight through absorption of oxygen 
took place. Coal sampies heated for two hours usually 
show less loss in weight than samples heated for one boor. 

As shown in Table I. no appreciable difference in mois- 
ture was obtained by circulating dry aii through the oven. 
The difference for the 12 samples was only 0*005 P? r cent. 
Neither was there any appreciable change in weight on 
heating the samples for two hours. 

Effect of Temperature. 

The second series of tests were made to ascertain the 
effect of beating the 60 mesh coke at temperatures higher 
than 105° C. Three sets of determinations were made, 
namely, set No. x by the standard method at 105° C. as 
in the first series ; set No. 2 by heating in stagnant air at 
150° C. ; and set No. 3 by heating in stagnant air at 
200° C. Each set was heated for a period of one boor, 
then cooled over concentrated sulphuric acid, and 
weighed ; then it was returned to the oven, heated for an 
additional thirty minutes, and again weighed. The 
results are given in Table II. 

For each of the three temperatures, 105°, 150°, and 
200° C., the loss in weight for one boor was practically the 
same as that attained through additional beating for thirty 
minutes. There was, however, a slightly greater loss at 
the higher temperatures. The greatest difference between 
105° and 150' C. was 0*20 per cent, and between io3 u and 
200° C. was o*3 x per cent. The average differences were 
0 x1 and 0 20 per cent respectively. 

It is probable that the greater loss at the higher tem- 
peratures is due to the removal of residoa! traces of water 
and gases condensed in extremely thin films on the surfaces 
of the coke particles. Mack and Hulett (“The Water 
Content of Coal, with some Ideas on the Genesis and 
Nature of Coal,” Am. Jonm. Sci., Ser. 4, 1917, xliii., 89) 
have called attention to these films in connection with 
the water in coal, and have pointed out that such water 
would probably have no measurable vapoor-pressure at 
ioo° C., but would gradually, as the temperature in- 
creased, develop sufficient vapour- pressure to permit 
removal of additional moisture at higher temperature. 
However, the differences that were obtained on heating 
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the coke powder between limits of 105° and 150° C. may 
be regarded as negligible ; even the maximum difference 
of 0*31 per eent at 20O 9 C. is within the unavoidable mois- 
ture variations likely to be incurred in preparing the gross 
sample for analysis. 


Table II.— Results of Determination of Moisture in 
60-mesh Coke at various Temperatures . 




Percentage of moisture. 




* 

Heated in cur- 

Heated in stag- 

Heated in stag- 

. 

„ N 

Coke 

rent oi dry 

nant air at 

nant air at 

Cols. 

Cols. 

No. 

air at 105° C. 

150 

3 C. 

200° C. 

3 and 

3 and 











1 hr. 

1* hrs. 

1 hr. 

if hrs. 

1 hr. 

it hrs. 



1. 

2. 

3- 

4 . 

5* 

6. 

7 - 

8. 

9- 

13651 

015 

015 

0*30 

0*31 

0*36 

o*37 

o*l6 

0*22 

13672 

0*21 

0*22 

0*42 

0*42 

o* 5 l 

o*53 

0*20 

0*31 

13707 

0*20 

0*22 

0*28 

0*29 

0*32 

o*34 

0*07 

O’ 1 2 

14172 

0*12 

0*13 

0*23 

0*23 

0*30 

0*30 

0*10 

0*17 

*3743 

0*66 

0*70 

0*84 

089 

0*95 

0 96 

o*xg 

0-26 

*3784 

0*08 

0*09 

Oil 

Oil 

0*16 

o-i8 

0*02 

o’og 

14183 

0*31 

0*31 

0*49 

0*47 

0*62 

0*62 

016 

0-31 

16933 

0*36 

0*39 

0*51 

0*51 

059 

059 

0-12 

0*20 

*4730 

0*54 

055 

0*65 

0*65 

079 

o*8o 

0*10 

0’25 

15276 

0*26 

0*26 

o*35 

0*36 

045 

0*47 

0*10 

0*21 

13888 

0*11 

Oil 

0 15 

015 

0*23 

0*25 

0*04 

0-14 

13829 

0*13 

013 

0*22 

022 

028 

028 

009 

0*15 




Average 

• . . 


0*11 

0*20 


Direct Determination of Moisture in Lump Coke. 
Experiments on the direct determination of moisture in 
1 inch lumps and also in 4-mesh coke at various tempera- 
tures were made in the following manner : — 

A large sample of coke was taken from a pile that was 
wet from a recent rain, and was crushed to 4- mesh size. 
This sample was then thoroughly mixed and divided into 
three representative portions, Ai y A2, and A3, which were 
treated as described below. 

Sample Ai was air-dried to constant weight at 30—35° 
C.« then rapidly crushed to io-mesh by passing it through 
crushing rolls. The io-mesh product was quickly reduced 
on a riffle sampler to 400 grms., which was pulverised to 
60-mesh in an air-tight porcelain Abbe ball mill containing 
flint pebbles. The 6o-mesh sample was then reduced to 
60 grms. on a small riffle sampler, and placed in a rubber- 
stoppered bottle. The residual moisture in this air dried 
sample was determined at 105° C., according to the 
standard method previously described in this paper. The 
total moisture “as received" in sample Ai was computed 
as follows 

Moisture “as received" — moisture in 6o-mesh coke 
X +.ir- drying loss. 

IOO 

In order to check any possible change of moisture con- 
tent in the air-dry sample, while it was being pulverised 
and reduced from 4-mesh to 6o-mesh, samples for moisture 
determinations were taken at various stages of the 
sampling procedure as follows : — 

Table III. — Percentage of Moisture in Air-dry Coke at 
various Stages in the Preparation of the 6o-mesh 
Laboratory Sample . 

Kind of sample. Moisture. 

Percent. 

4-mesh sample taken immediately after air-drying, 

341*5 grms. dried to constant weight at 150° C. 0 32 
io-mesh sample taken immediately after passing 
through rolls, 433 6 grms. dried to constant 


weight at 150° C 0*23 

60 mesh sample taken immediately after opening 
ball mill, 1 grm. dried one hour at 105° C. in a 

current of dry air 0-34 

Pinal 60 grms. laboratory sample, determina- 
tion as above 0-35 


The maximum variation in the different samples was 
o*i2 per cent, which is of the same magnitude as the error 
in the moisture determination. Hence it may be assumed 
that the “ as received ” moisture as determined in sample 
At is the true moisture content of the coke, and may be 
used as a standard of reference for judging the accuracy 
of the results that were obtained on samples B and C by 
shorter methods. 

Sample A2 (at 4-mesh size) was dried to constant weight 
at a temperature of 105° C. in a Freas electrically heated 
oven without dry-air circulation, and sample A3 (at 4- 
mesh size) was similarly dried to constant weight in an 
ordinary gas heated oven at a temperature of 150° C. 
The results obtained on the three samples' are given in 
Table IV., together with the results on a second set of 
three samples, Bi, B2, and B3, which were similarly pre- 
pared from another lot of coke. 

Table IV. — Results obtained by Heating 4 -mesh Coke 
to various Temperatures. 


Sample. 

Fineness. 

Tempera- 
ture of 

Time 
required 
to reach 

Loss 

In 

Sample Ai, 2056 grms. 

4-mesh 

drying. 

f C. 

30—35 

constant weight, 
weight. 

Hours. P.c. 
120 10*1 

Sample Ax, 1 grm. .. 

6o-mesh 

105 

I 

o *35 

Total moisture “as received " 

• • . • 

10*4 

Sample A2, 1089 grms. 

4-mesh 

95—105 

2*5 

i °*5 

Sample A3, 514 grms. 

4-mesh 

150 

2 0 

*°*5 

Sample Bi, 1630 grms. 

4-mesh 

30—35 

72 

9 7 

Sample Bi, 1 grm. .. 

6o-mesh 

105 

I 

0*38 

Total moisture “as received " 

. . • • 

10*0 

Sample B2,750‘2grms. 

4-mesh 

95—105 

2*5 

97 

Sample B3, 426 2 grms. 

4-mesh 

150 

2*0 

97 


Table IV. shows that moisture can be determined in 
4-mesh coke by drying to constant weight at temperatures 
between 105° and 150° C., with practically the same degree 
of accuracy as in the longer process of first air-drying at 
4-mesh size, and then pulverising the coke to 6o-mesh 
for final drying at 105° C. in circulating dry air. 

Determination of Moisture by Drying Lump Samples 
on Hot Plate. 

The next step in the simplification of the method of 
determining moisture in coke was to ascertain whether it 
would be permissible to dry comparatively large samples 
(10 pounds or more) of 1 or 2 inch lumps to constant 
weight on an ordinary hot plate, coil of steam pipes, or 
similar device such as would be readily available at the 
point of sampling a shipment of coke. If such a procedure 
were possible the total moisture could be determined on the 
spot. The sample for chemical analysis could then be 
pulverised to 4-mesh size and quartered down to a 5-pound 
sample for shipment to the laboratory without special 
precautions for avoiding the almost inevitable loss of 
moisture. 

A sample of approximately 50 pounds of lump coke was 
crushed to pass a x-inch mesh sieve, and thoroughly 
sprayed with water. It was then mixed for some time 
and allowed to stand several hours. The moist coke was 
then placed on a sampling cloth, again mixed, coned, and 
divided into four parts, designated as Ci, C2, C3, and C4. 
Each quarter was placed in a tared galvanised-iron pan, 
22 by 26 inches, and immediately weighed. The coke 
was spread to a depth of about 2 inches. 

Sample Ci was placed in an air-drying oven, and dried 
to constant weight at 30—35° C., and then pulverised 
and reduced to a 6o*mesh laboratory sample, as in the 
usual standard method. 

The other three samples were dried to constant weight 
on ordinary gas-heated hot plates? at temperatures of 120°, 
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150°, and 200° C., respectively. There was an air space 
of one-fourth inch between the bottom of the pans and 
the hot plate. The temperatures were determined by 
inserting thermometers in the bed of coke near the bottom 
of the pans. The results obtained are given in Table V. 


Table V.— Results obtained by Heating 1 inch Lumps 0/ 
Coke to Constant Weight on a Hot Plate a/ various 
Temperatures . 


Sample 

Weight of Temperature 

Time required to 

Loss in 

No. 

sample. 

of drying. 

reach constant weight. 

weight. 


Grata. 

"C. 

Hours. Percent. 

Cl .. 

.. 6291 

30—35 

7 * 

5*3 

Ci, 6o-mesh 1 

105 

I 

0*38 


Total moisture in Cs 

57 

Ca 

.. 5105 

120 

2 

5*9 

c 3 .. 

.. 4909 

150 

2 

6*2 

c 4 .. 

. . 5923 

200 

I 

5*9 


The sample dried at 120° C. and the sample dried at 
200" C. yielded 5*9 per cent moisture. These resulu were 
o*2 per cent higher than that obtained with sample Ci 
which was air-dried before the moisture was determined 
by the standard method. The small differences in results 
with the various portions were probably due to unequal 
wetting rather than to the temperature of drying. Even 
the maximum difference is within the sampling error. 

Summary. 

1. Investigation shows that the influence of temperature, 
time, humidity of drying atmosphere, and fineness of 
sample on the determination of moisture in coke may be 
varied over a considerable range without affecting the 
result appreciably. 

2. Oven temperatures ranging from 105—200° C. pro- 
duced a maximum variation in moisture ot not exceeding 
0*3 per cent. 

3. Coke can be dried to “ constant weight " without any 
gain in weight taking place. 

4. The circulation of air dried by sulphuric acid, 
through the oven atmosphere, as specified for coal 
analysis, is unnecessary, there being no measurable dif- 
ference of resulu between circulating perfectly dry air 
through the oven and using in the oven the natural 
circulation of air from the room. 

5. Moisture can be determined quickly and with 
adequate accuracy (± 0*5 per cent) by simply heating to 
coneunt weight a large sample of lump coke, in any con- 
venient oven, or on a stove, hot plate, or steam coil, at a 
temperature of 100— 200° C. 

Because of iu simplicity and flexibility this method may 
be used advantageously at poinu when coke ehipmenu 
are sampled . — Technical Paper 148, Bureau of Mines, 
Washington, U.S.A. 


THE SCATTERING OF a RAYS 
AS EVIDENCE ON THE PARSON MAGNETON 
HYPOTHESIS. 

By DAVID L. WEBSTER. 

The essential feature of Parson's theory of atomic struc- 
ture is the hypothesis that the electron is not a sphere, but 
a very thin ring, perhaps as much as 1*5x10-9 cm. in 
radius, carrying a charge of negative electricity that 
circulates around the ring at a very high velocity (“A 
Magneton Theory of the Structure of the Atom," 
Smithsonian Miscellaneous Collections. 1915, lxv., No. 11). 
This gives it in addition to its electrostatic properties the 
magnetic properties of a coil of wire carrying a current. 


*75 


This hypothesis was used very successfully by Parson in 
explaining an extraordinary variety of chemical pheno 
men a, and 1 have also found it useful as the basis of a 
theory of heat radiation that is consistent with Planck's 
law, and at the same time with the classical electro- 
dynamical system and the numerous phenomena explained 
only by that system (D. L. Webster. Proc. Am. Acad. t 
1915, I., 131). The magneton hypothesis, however, has 
not been generally accepted, one of the chief reasons, 
apparently, being that Parson's theory as he developed it 
calls for a large sphere of diffuse positive electricity, in 
which the electrons or magnetons, as be calls them, are 
free to move. In view of the epoch-making work of 
Rutherford and Darwin on the large-angle scattering of 
o-particles, this positive sphere hypothesis becomes unten- 
able, and the natural impulse in giving it up is to give up 
the magneton hypothesis with it. In a recent paper by 
Langmuir (yourn. Am. Chem. Soc. t 1916, xxxviii., 2221) 
the theory is mentioned as attractive, but dismissed at 
once because of the positive sphere. If the positive sphere 
is essential to the magneton theory this action is neces- 
sary. If not, the sooner the two are separated the better. 

But to introduce a nucleus, the assumptions of the theory 
must be changed, and there is ground for the opinion that 
the new assumptions are more radical than the old, which 
are, indeed, radical enough. In fact, G. N. Lewis, in a 
recent paper ( Joum . Am. Chem . Soc. t 1916, xxxviii., 773), 
draws conclusions very much like Parson's from the 
chemical properties of the elements, but rejects the 
magneton hypothesis as a working basis, with a reference 
to a desire to avoid d priori assumptions. The purpose of 
this paper is therefore, first, to point out the possibility of 
substituting Rutherford's nucleus for the positive sphere, 
and, second, to make a critical examination of the status 
of the magneton theory when the nucleus is introduced. 

According to Parson the positive sphere is “ little more 
than a simple mathematical expression for the coherence 
and rigidity of the atom." With a nucleus exerting no 
forces but those of electro-magnetism the electrons would 
all fall into the nucleus. To hold them out the nucleus 
must exert some sort of repulsion that is not electrical, 
and varies faster than the inverse square of the distance. 
For any given distribution ot density in the originally 
assumed positive sphere it is obvious that there will be a 
law of variation of this new force that will accomplish the 
same result so far as the positions of equilibrium of the 
magnetons are concerned. In the present state of our 
knowledge of these positions it is not yet time to attempt 
to derive from them the necessary law. In any case this 
non -electrical force, or “ mystery force," as some have 
called it, is a new assumption to add to the theory. The 

a uestion raised by the evidence of a-ray scattering is 
lis : — Is the evidence for the magneton theory enough to 
justify all the assumptions involved now that one more is 
added ? The hypothesis that the electron is magnetic was 
made to explain an attraction between two electrons at 
moderate distances that is demanded by chemical pheno- 
mena, and the phenomena of radiation demanded also a 
mystery force of repulsion at short distances between two 
magnetons very similar to what is now assumed between 
a magneton and the nucleus. Why, then, do we call the 
attraction magnetic ? Why do we not make that also a 
mystery force, or, as Lewis does, simply assume one law 
by which repulsion and attraction alternate as one electron 
approaches another, and make no distinction of different 
parts of it, one as electric, another as magnetic, and a 
third as neither electric nor magnetic ? 

(Note. —The mystery force between magnetons might 
hold them alone, apart even with a nucleus exerting no 
mystery force. This suggests the possibility that the 
nuclear mystery force is um cww«uary. But the electro- 
magnetic theorem of no equilibrium in free space maxe 
this impossible, since even if the magnetons were all held 
in a rigid frame the whole frame would move until one o 
them struck the nucleus, Another question that might be 
asked is why the mechanism holding the electrons sway 
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from the nucleus is not centrifugal action in orbits. There 
are two reasons against this, one the impossibility of stable 
orbits of the required types, and the other the absolute 
necessity of a static condition of the atom to explain such 
phenomena as the stability of shape of asymmetric mole- 
cules. The arguments on both of these points are given 
very clearly, both by Parson ( loc . cit.) and in a somewhat 
different form by Lewis (loc. cit.), and especially in Science, 
N.S., 1917, xlvi., 297). 

* There are, as a matter of fact, several reasons for making 
this distinction. For one, let us consider for a moment 
the character of the groupings required by chemistry. In 
general, they are of two sorts, one a pair of electrons 
closely associated, and the other a very compact group of 
eight. (For the arguments on this point see Parson, loc. 
cit., and also Lewis, Journ. Am. Chem . Soc., 1916, 
xxxviii., 773). We never see a group of three, or any 
other odd number, unless, perhaps, in the rare compound 
H ? , which may not even exist at all. Now, suppose the 
law of force between two electrons were that of a repulsion 
at large distances and very small ones, with an attraction 
at intermediate ones. Then two electrons brought near 
each other would stay together in a pair. But a third one 
would also stick readily to them, or a fourth or a fifth, dr 
any number. There would be no tendency to stay in 
pairs, and certainly no distinction for the number eight. 
But if the attractive force is that of a pair of doublets, like 
bar magnets, the pair once formed may be expected to 
orient themselves oppositely, and thereby cancel each 
Other's attractive forces on a third one approaching from a 
distance. This means that the grouping in pairs indicates 
that the attraction is that of doublets, while the repulsions 
are both spherically symmetrical. The grouping in eights, 
as Parson has shown, is even stronger evidence in the 
same direction. 

But even granting this, why is the doublet necessarily 
magnetic rather than electrostatic ? One fact that makes 
this plausible, but no more, is that magnetisation pheno- 
mena mean that something in the atom must be magnetic. 
The assumption that this something is the electron is 
made highly probable by the data on magnetism collected 
by Parson, that show paramagnetism wherever chemical 
phenomena indicate a loose grouping of some of the 
electrons. This is exactly what one would expect if the 
electrons themselves are magnetic'. 

But even so, why should their magnetism be due to a 
circulation of the electricity rather than to magnetic 
poles? Here the phenomena of diamagnetism are im- 
portant as evidence of the existence of inductive circuits in 
the atom, and the obvious instability of the sort of orbital 
motions that would be required if the electrons were of 
the classical type indicates that the circulation must be a 
continuous current. (For further discussion of this point 
see Parson, loc. cit., and Lewis, loc. cit.). But even this 
does not prove that the inductive circuits causing 
diamagnetism are actually the same bodies as the electrons 
that cause paramagnetism and chemical bonds. 

A phenomenon of the greatest importance in this con- 
nection is Barnett’s effect of magnetisation by rotation. 
In Barnett’s experiments ( Science , igcg, xxx., 413 ; Phys. 
Rev., 1915* vi., 239 ; 1917, x., 7) it was found that a piece 
of iron, cobalt, or nickel in rotation is magnetised in the 
absence of any external held. Now, if these elementary 
magnets are electrons moving in orbits, the gyroscopic 
properties of the orbits would make them behave in exactly 
this way. Moreover, as Barnett proved, the amount of 
magnetism to be expected can be predicted from the ratio 
ejm and the permeability of the metal, all references to the 
size of the orbit or the speed of rotation having cancelled 
out in the calculation. The experimental results show 
quantitative agreement, within limits of error, with the 
predicted values. Similar agreement was obtained for 
the inverse effect, rotation by magnetisation, in experi- 
ments "begun later by Einstein and de Haas ( Deutsch . 
Phys. Gesell. Verb., 1915, xvii., 8, 152). 

But as we have seen above, and as Birnctt says in his 


latest paper, the assumption of a discrete particle of 
electricity in an orbit seems untenable, and a continuous 
current is preferable, provided it will have the proper 
gyroscopic properties. Now such properties are not a 
mathematically necessary accompaniment of all forms-of 
translational mass, and the quantitative agreement with 
the gyroscopic properties of a revolving electron is by no 
means obvious. The only way to make definite state- 
ments on this point is to develop the mathematical theory 
of the electro-magnetic mass and gyroscopic properties of 
the magneton. This has been done by the present author 
(Phys. Rev., 1917, ix., 484). It is found to involve not 
only a treatment of the electro-magnetic forces in an 
accelerated or rotating magneton, but also the internal 
forces that hold it in shape. On these latter forces we 
have no very certain data. But making the most plausible 
assumptions d priori it is found that formulae for the mass 
and gyroscopic properties in terms of the charge and 
dimensions can be obtained, and that these formulae make 
the gyroscopic properties exactly those of a magnetically 
equivalent orbital electron of the classical type, and there* 
fore exactly those required by the Barnett and Einstein- 
de Haas effects. This makes it highly probable that the 
elementary magnets of ferromagnetism, and probably of 
paramagnetism and chemical bonds also, are really 
magnetons. 

Thus it appears that we can class the magneton hypo- 
thesis not as an assumption made d priors, but rather on 
the surer basis of a most probable deduction from the 
experimental facts. As such it cannot be lightly tossed 
aside even if the assumptions that go with it are some- 
what complex. Consequently, it seems probable that the 
a-ray phenomena should not be taken as valid evidence 
against the magneton theory, but simply as evidence for 
the existence of the nucleus along with its non-electrical 
repulsion for magnetons . — Joutnal of the American 
Chemical Society, xl., No. 2. 


ELECTRO -CHEMICAL POTENTIAL AND THE 
PERIODIC LAW. 

By J. C. THOMLINSON, B.Sc. 

A curve of electro-chemical potential in which we con- 
sider c cesium as most electro positive, contains the 
elements caesium to lithium as of Group I., and barium, 
strontium, calcium to magnesium of Group II., aluminium 
in Group III., and then chromium and manganese in 
Group V. and VI. Applied to the common and some of 
the rarer elements this is feasible from all accepted pro- 
perties of the potassium group, and together with the 
solubility of the chromates ot calcium and magnesium 
from those of the oxides RO, those already mentioned as 
following aluminium taking position the fact of the 
basicity the R2O3 oxides. '1 hen the curve returns, and 
includes zinc and cadmium before iron, cobalt, and nickel, 
the whole seven elements having a similarity in their 
RO oxides in that they are soluble in alkalis, copper, 
which comes later, having the property developed in its 
RO oxide. 

After the iron group there is hydrogen, a non-metal, 
placed suitably after tin and lead, before antimony and 
arsenic, to which it is electro-positive, forming hydrides 
with the latter. 

Copper and mercury follow, are in adjoining groups, 
have R 2 0 and RO oxides, and silver is classed with these, 
with defined R 2 0 oxide. 

The non-metallic metals which continue the scale of 
chemical potential, are silicon, carbon, and boron, the 
remainder are in the right-hand top corner of the periodic 
table, and are nitrogen, phosphorus, sulphur, iodine, 
bromine, chlorine, oxygen, and fluorine, the most electro- 
negative elements. 
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THE ASSOCIATION OF GREAT BRITAIN AND 
FRANCE. 

(Inbvstry and Economics). 

The Association of Great Britain and Franca corresponds 
to its confrere , “ [.'Association France-Grande-Bretagne,” 
on the other side of the Channel, which was founded with 
a view to making better known, among friendly countries, 
the ideals, and specially the economic aims of France, in 
order that true reciprocity, founded on mutual under- 
standing, may be established. 

The Association is a complement to the industrial side 
of many excellent societies which are already in existence, 
or are being formed with the object of binding os closer to 
our French Allies. 

Its work commenced in April last, and since that date 
the efforts of the Management Committee have naturally 
been directed to obtaining a strong nucleus of membership, 
and it now coonts among its supporters some of the most 
prominent firms and trade associations in the Kingdom. 

It has been felt, however, that the time has come for 
the Association to have its own quarters, and an inde- 
pendent organisation in order to further its aims. It has 
been resolved, therefore, to appeal to that wider public of 
both men and women whose sympathies or interests are 
affected by the industrial, commercial, or agricultural 
intercourse of the two countries. 

Tbe subscription, two guineas, has been purposely 
kept low, and no entrance fee is charged, as it is felt to be 
of the first importance to collect a large and energetic 
body of members who will, at all events, lend their sup- 
port, if they are unable to give their time and experience, 
for the common good of both countries. 

All information regarding the Association may be 
obtained on application to the Secretary. Association of 
Great Britain and France, 39. St. James's Street, 
London, S.W. 1. 

May we ask, through the hospitality of your columns, 
for a wide and prompt response to this appeal ? 

(Signed) James \V. Lowther, 
Moulton. 


ORDER OF THE MINISTRY OF MUNITIONS. 

Gas Works Rktort Carbon, Coke Oven Carbon, 
and Pitch Coke. 

The Minister of Monitions, in exercise of the powers 
conferred upon him by the Defence of the Realm Regula- 
tions and all other powers thereunto enabling him, hereby 
orders as follows : — 

1. No person shall as from the date hereof until further 
notice use, purchase, or take delivery of any Gas Works 
Retort Carbon, Coke Oven Carbon, or Pitch Coke, except 
under and in accordance with the terms of a permit issued 
under the authority of the Minister of Munitions, or sell, 
supply, or deliver any Gas Works Retort Carbon, Coke 
Oven Carbon, or Pitch Coke to any person other than the 
bolder of such a permit as aforesaid. 

2. The order of the Minister of Munitions dateo 
January 10, 1917, relating to Gas Works Retort Carbon is 
hereby cancelled, but such cancellation shall not affect the 
previoos operation of that Order, or the validity of any 
action taken thereunder, or the liability to any penalty or 
punishment in respect of any contravention or failure to 
comply with the same prior to its cancellation, or any 
proceeding or remedy in respect of such penalty or 
punishment. 

3. All applications for permits under this Order shall be 
addressed to the Controller, Non-Ferrous Materials Supply, 
M. 9 -/R./C.L., Ministry of Monitions, 8, Northumberland 
Avenue, London, W.C. 2. 

4. This Order may be cited as tbe Gas Works Retort 
Carbon. Ac., Control Order, 1918. 

April 19, 1918. 


PROCEEDINGS OF SOCIETIES- 

ROYAL SOCIETY. 

Ordinary Muting, March at, 1918. 

Sir J. J. Thomson, O.M., President, in the Chair. 

Papers were lead as follows : — 

"The Magnetic Storm of December 1617, 1917, as 
Recorded at K*tv and EskdaUmuir Observatories." By C. 
Chree, F.R.S. 

The msgnttic storm of December 16-17, *9*7, was of 
very considerable though not outstanding magnitude. It 
commenced between eight hours and nine hours on the 
16th, and had not wholly subsided before the afternoon of 
the following day. Attention is directed in the paper to 
the curves for the twenty- four hours commencing at eight 
hours on the 16th. The most active period of disturbance 
was between fifteen hours (3 p.m.) on the 16th end four 
hours on tbe 17th. A prominent feature in the corves was 
a succession of oscillations of periods averaging about 
twenty minutes. There were also, especially at Etkdale- 
muir, some very large short-period oecillationa. Tbe paper 
compares the oecillations recorded at the two observatories , 
and gives estimates of the rate of change of the magnetic 
elements during the most rspid movements. Tbe ampli- 
tude and rapidity of the changes proved to be much 
greater at the more northern station. The paper also 
gives details of the magnetic * 4 activity ” throughout the 
twenty- four hours, as derived from readings of the curves 
taken at 4-minute intervals, and discusses some general 
questions relating to the measurement of 11 activity." 

“ The Absorption oj Kra^t.” By E. A. Owen. 

1. The abeorpiion coefficients of a number of substances 
for a radiation of wave-lengths 0*586x10-8 cm. (the 
•-line of palladium) have been determined, and the values 
obtained confirm those of Bragg and Pierce in the cate of 
elements used in common. 

2. The atomic fluorescent absorption coefficient is pro- 
portional approximately to the fourth power of the atomic 
number of the absorber. 

3. The following relation exists between the atomic 
fluorescent absorption coefficient, atomic number of the 
absorber, and the wave-length of the radiation absorbed 
/«»CN*a*, where C is a constant over certain ranges, but 
changes abruptly at critical points. This relation is inde- 
pendent of the scattering coefficient ; it refers only to tbe 
loss of energy of X-radiation by the production of cor- 
puscular radiations and tbe fluorescent X-radiations that 
accompany them. 

4. Calculations based on the above general relation 
show that the molecular total absorption coefficients of 
different substances observed by Aoren with radiation of 
wave-lengths 0*35 x 10-8 cm. may be deduced very 
approximately from the atomic total absorption coefficients 
obtained for different elements with radiation of wave- 
lengths 0*586 x xo-8 cm. if the coefficient of scattering 
be assumed to have a constant value of 0*2 for all elements 
from hydrogen to bromine for both these radiations. 


SOCIETY OF PUBLIC ANALYSTS AND 
OTHER ANALYTICAL CHEMISTS. 
Ordinary Meeting , April 3, 1918. 

Dr. S. Ridral, President, in the Chair. 

Certificates were read for tbe first time in favour of 
Mr. Denys Richard Wood, F.I.C., and Mr. Herbert James 
Llewllyn Parker. 

Certificates were read for the second time in favour of 
Messrs. Stanley Dixon, A.I.C. ; John Frederick Briggs* 
A-C.G.I. ; Robert Doncan Masson, F.I.C. ; and jlohn 
William Hincbley, A.R.S.M. 
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Estimation or Moisture in Acid Otis 


Chrmical News, 
'• April 26 191b 


Mr. William Herbert Miles was elected a member of 
the Society. 

The following papers were read : — 

“ Ditermination of Phosphoric Acid in Bone and Blood 
Fertilisers By W. Rest Mummery, F.I.C. 

The author hae investigated Ullmann's method, and, 
with certain modifications described in the paper, states 
that it provides a rapid and accurate gravimetric method 
for the estimation of total phosphate in bone and blood 
fertilisers. 

A few analyses are appended showing the distribution 
of phosphoric acid in various fertilisers of this class. 

“ Deterioration of Lime on Keeping.” By S. Allinson 
Woodhead, M. 3 c., F.I.C. 

The general results of the experiments are that powdered 
lime, if protected from rain and frequently turned, under- 
goes very marked change, much more so than the same 
lime if heaped and exposed to the weather. Powdered 
lime, if heaped in the open, undergoes very little change, 
due to the protecting layer of carbonate formed on the 
surface of the heap. 

“ Volumetric Determination of Barium and a Method of 
Separation of Barium and Strontium .” By John 
Waddell, B.Sc. (Lond.), D.Sc. (Edin.). 

A method of determining barium is given which consists 
in precipitating it as chromate, and titrating the iodine 
liberated on adding potassium iodide with thiosulphate. 
A modification of the process by means of which any 
strontium precipitated with the barium may be removed 
is also described. 

“ Dog fish Liver Oil.” By A. Chaston Chapman. 

The author has prepared in his laboratory two speci- 
mens of oil from a large number of livers of the common 
dog-fish (Squalus acanthias). The so-called analytical 
“ constants ” of these samples are given in the paper as 
well as a number of colour reactions. 

11 Estimation of Moisture in Acid Oils” By E. 
Richards Bolton, F.I.C., and Cecil Revis, F.I.C. 

Acid oils, particularly those derived from coconut or 
palm kernel oils, cannot be dried in a hot oven owing to 
loss of fatty acids. 

The authors describe a method of drying these oils on a 
crimped coil of filter-paper in vacuo over a dehydrating 
agent, and state this method to be more rapid and accurate 
than the usual practice of drying on sand. 


RONTGEN SOCIETY. 

Ordinary Meeting , April 9, 1918. 

Capt. G. W. C. Kaye, President, in the Chair. 

Prop. Sir Ernest Rutherford delivered the first 
Silvanus Thompson Memorial Lecture. He dealt with 
the important advances in our knowledge of the con- 
stitution of matter, resulting from the discovery of X-rays 
in 1895. The following brief abstract indicates the scope 
of the Address : — 

The discovery of the X-rays marks the commencement 
of a new epoch in physical science, for in the attempts 
which were immediately made to ascertain the nature of 
the unknown radiation, attention was direeted to the 
study of radiation in general, and new phenomena were 
soon encountered. 

A general investigation of the cathode rays and of the 
nature of the discharge of electricity through gases led to 
the discovery of the “ electron/* and to the putting forward 
of the “ionisation theory” by Sir J. J. Thomson. 
Townsend followed up the initial work by his theory of 
ionisation by collision, and O. W. Richardson investigated 
the emission of ions from incandescent solids. All this 
work was originally of academic interest snl«-ly. but within 
the last few years the practical applicants have been 


shown to possess immense value. These include the 
production of detectors and amplifiers for wireless tele- 
graphy, electrical rectifiers, and oscillators, by which 
radio-telephony across the Atlantic is now possible, and 
the Coolidge X-ray tube which is destined to play an im- 
portant part in radiology and in pure science. From the 
outset X-rays and the phenomena of phosphorescence 
were generally thought to be connected, and Becquerel, 
while in search of “ invisible” or X-radiations from certain 
phosphorescent salts, discovered the radio-activity of 
uranium compounds. The brilliant researches of the 
Curies, by which this discovery was followed, resulted in 
the isolation of the radio-active elements, polonium and 
radium. Numerous other radio-active elements were 
brought to light, and the chaotic condition which ensued 
was not reduced to order until the introduction of the 
transformation theory by Sir E. Rutherford. Difficulties 
regarding the periodic classification were overcome by 
Soddy, who applied the term “ isotope ” to substances 
occupying the same place in the Periodic Table, and 
which cannot be separated chemically - but whose atomic 
weights may differ slightly. 

With regard to the study of X rays themselves no out- 
standing advances were made for some ten years after 
their discovery, when Barkla obtained evidence of the 
existence of “ characteristic ” radiations from experiments 
on secondary X-rays. The discovery led to the wave- 
theory of the X-rays, which was completely substantiated 
at later dates by the diffraction experiments of Laue, the 
Braggs, Moseley, and Darwin. Barkla's characteristic 
rays are thus shown to be of the same nature as the rays 
yielding bright line spectra in the case of ordinary light. 
The diffraction experiments led to the employment of the 
X-rays for two classes of investigation, in the hands of 
Prof. Bragg and his son, problems of crystal sttucture have 
been successfully attacked, while in the other direction the 
late Mr. Moseley has .shown these phenomena to be a 
most powerful method of investigating the constitution of 
the elements. He showed that the critical property of an 
element was its atomic number , while its atomic weight 
was relatively of secondary importance. The important 
relationship between the frequency of the K or L series of 
characteristic rays and the atomic number of the element 
should be known as Moseley's law. 

At the conclusion of the meeting the President pre- 
sented to Sir Ernest Rutherford the first of the medals 
which will be given annually in commemoration of the 
Silvanus Thompson Memorial Lecture. 


SOCIETY OF GLASS TECHNOLOGY. 

Annual Report for 1917. 

Thf. Council has much pleasure in presenting this its First 
Annual Report. 

During the period between November 18, 1916, and 
December 31, 1917, 267 members were elected, comprising 
57 Collective, 197 Ordinary, and 13 Student Members. 
Two of the elections became void owing to non-payment- 
of subscription, whilst the Society lost one member by 
death, Mr. James J. Hirst, a member of the Council, of 
whom *n obituary notice appeared in the July issue of the 
Journal. 

The Council decided at its meeting on November 18, 
1916, to publish a quarterly Journal, and appointed Dr. 
W. E. S. Turner as its Editor. It is a source of great 
satisfaction to the Council that the Journal has been so 
very favourably reviewed, has been received so well by 
members of the Society, and is gradually becoming 
known abroad. The Journal for 1917 contains, in addition 
to indexes, 36 pages of Proceedings and Reports, 19 
papers comprising 238 pages of Transactions, and 300 
Abstracts and Reviews occupying 176 pages. The Council 
desires to take this opportunity of expressing its thanks 
to the Abstractors for the valuable services they have 
rendered. 


Digitized by LjOOQle 




Chemical News, 

April a 6 , igii t 

It hat been the object of the Council to arrange, to far 
as possible, that the subjects deal with at the Society ’s 
meetings shall be of general interest and lend themselves 
to discussion. There is a limit to which such a scheme 
can be continued with success, but that limit depends in s 
large measure on members themselves. The suggestion 
of subjects by members would be welcomed by tbe 
Council ; but more than this, tbe Council trusts that an 
increasing number of manufacturers will communicate 
papers on observations made in their works, and thus 
initiate discussions in which both the practical and 
scientific bearings of a problem can be treated. The 
Council desires it to be known that communications on 
glass technology are welcomed from members at home or 
abroad. 

During tbe year the Council decided to establish a 
Library, and a sum of £20 was in tbe first instance set 
aside lot the purchase ot books, whilst the Secretary was 
authorised also to arrange for the exchange of the Society 's 
Journal for that of other Scientific Societies. At the 
present time the Library receives the following periodicals 
by exchange “ Journal of tbe Chemical Society/* 
“Journal of Industrial and Engineering Chemistry** (2 
copies), “Transactions of the Ceramic Society,** “ British 
Clayworker,” “ Bulletin of the Imperial Institute,** “ Pro- 
ceedings of the Institute of Chemistry,’* “ Journal of tbe 
Society of Chemical Industry,** “Transactions of the 
Optical society,” “Illuminating Engineer,** “Journal of 
the Institute of Metals,’* 11 Journal of the Iron and Steel 
Institute,** “ Transactions of the Faraday Society,** 
“ Engineering.** 

In addition, the Society obtains by purchase or gift. 
“The Clayworker’* (American), “ The Pottery Gazette ” 
(2 copies), “The Optician,** “ Die Keramiscbe Rundschau,** 
“ Die Tonindustrie Zeitung ** ; whilst through tbe courtesy 
of the Department of Glass Technology, Sheffield, the 
following additional periodicals are available for refer 
ence “ Sprechsaal,” “Die Glashutte,** “Die Glas- 
industrie,** “Die Zeitschrift fur Ins:rumentenkundc,” 
'Transactions of the American Ceramic Society.** 

The total number of volumes in the Library to the end 
of December, 1917, was 71, with a number ot pamphlets. 
The Council hopes that an increasing use will be made 
of the Society's Library by members. It would also 
welcome the gift of any books or periodicals bearing on 
glass technology. 

In the early part of the year the Society was invited 
to appoint representatives to attend a joint Conference of 
Scientific Societies on Refractories Research. Mr. S. N. 
Jenkinson and Dr. W. E. S. Turner were appointed by 
the Council to represent the Society. At a later stage the 
President was invited and accepted a position on the 
Organising Committee set up by the Conference. 

The income of the Society during 1917 was ^482 13s. 6J., 
towards which contributions of £2$ from Messrs. Lewis 
and Towers and £5 5s. from Messrs. E. Vouldon, Ltd., 
were generously made. The cost of printing and distri- 
buting tbe Journal amounted to £193 12s. nd., and other 
expenses brought the total to £399 9d.. leaving a 

deficit of £16 17s. 3d. For a first year a working the 
Council believes the position is satisfactory, and that the 
deficit will be converted into a surplus at the end of the 
present year. Last year nearly 90 per cent ot the Society 
income was devoted to the work of publication and to 
general printing, and in view of tbe continued increase in 
the cost of paper and printing it is necessary that a con- 
siderably augmented income should be obtained. Every 
member can be of assistance in making the position of 
the Society more financially sound by engaging actively 
in propaganda on behalt of the Society and helping to 
increase its membership. In keeping with the importance 
of the Society its annual income should rather exceed 
than be below £u**>. 

Looking back over the period of fourteen months which 
this Report covers, tbe Council is of tbe opinion that the 
Society baa folly justified its existence. The attendance 
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at meetings, especially in view of the difficulties of travel, 
has been very good, and only in two instances has it 
fallen below 60. At the Society meetings there has grown 
up a feeling of common interest amongst members and a 
willingness to share information which are new to tbe 
industry. Especially would the Council express its grati- 
fication at tbe courtesy which several members of the 
Society have shown in throwing open their works to 
members on tbe occasion of meetings in the vicinity. All 
these things bespeak a happy future both for the Society 
and lor the British glass industry. 


NOTICES OF BOOKS. 

Science and its Functions. By Alan A. Campbell 
Swinton, F.R.S., M.Inst.C.E., M.I.E.E., M.I.Mech.E. 
Reprinted from the Journal of the Society of Arts. 
London : William Clowes and Sons, Ltd. 

This most interesting Address was delivered at the 
opening meeting of the 164th Session of the Royal Society 
ot Arts on November 21, 1917. The lecturer showed how 
all material progress of mankind has been due to increased 
knowledge ot science, and traced the development of such 
knowledge from the times of primitive man to the 
present day, pointing out how one by one the epoch 
making discoveries have brought about the most stupendous 
advances in civilisation. He laid due emphasis upon the 
essential unity of pure and applied science, and showed 
bow science has been potent in actually creating wealth 
by increasing productivity, while tbe ethical value ot 
scientific work was not ignored. It is to be hoped that 
a wide circle of readers will profit by tbe Address, which is 
an admirable example of the cogent and temperate 
exposition of the great advantages to be gained by a due 
recognition of the importance to the nation of scientific 
knowledge and work. 


Answers to Questions on the Flotation of Ores. By 
Oliver C. Ralston. Washington : Government 
Printing Office. 1917. Pp. 30. Price 5 cents. 

The Bureau of Mines constantly receives inquiries con- 
cerning the application of flotation in the treatment 
of ores or mixtures of ores, and although the answers 
to some of them could be found by searching the 
literature of the subject, in other cases practical in- 
formation is difficult to obtain, and hence it seemed 
advisable to issue in tbe form of a bulletin the 
answers to such questions as were most frequently asked 
or were particularly important. Twenty-four questions 
are considered, and concise and authoritative answers are 
given to them, from which engineers can learn what types 
of ores can satisfactorily be treated by flotation methods, 
which are the most important methods from a commercial 
point of view, and also much information as to practical 
details, the cost of running flotation machines, and the 
causes and remedies of certain difficulties. No detailed 
accounts of plants and processes are included, nor is the 
theory of flotation discussed, and the bulletin aims only 
at giving direct answers to practical questions on the 
application of a method which is now being extensively 
used. 


Estimation of Manganese in Steel. -Tbe volumetric 
determination of manganese in steel, useful wheie a quick 
and ordinarily accurate test can be applied, when due 
attention is paid to the personal factor in the estimation, 
that one is aware of all incidental causes conducive to 
error, causes urgent mention to be drawn to the fact that if 
the filtering medium, asbestos, contains tungsten the 
result may be low ; if any of the products of reaction pa*s 
through the filter pad the acid result too high.— J. t,. 
Th omlinson, B bc. 
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CORRESPONDENCE. 

VOLUMETRIC DETERMINATION OF 
MANGANESE. 

To the Editor of the Chemical News. 

S IRt Noting the article on this subject in the Chemical 

News (vol. cxvii., p. 157), it is important to point oat that 
inaccuracy in volumetric manganese estimations in steel 
when using sodium bismuthate is likely to occur through 
the sensitiveness of this method of oxidation to catalytic 
activation, in which the mass action results contribute to 
greater inaccuracy than likely to occur in either using 

sodium arsenite or KaMn^Og-— I jjro» 

J. C. Thomlinson, B.Sc. 


SILICA BRICKS. 

To the Editor of the Chemical News. 

Sir —In reply to the letter in the Chemical News (vol. 
cxvii., 167), if I may, without impropriety, mention two of 
my own books, I suggest that E. L. B. will find much of 
what he requires in “ Refractory Materials— their Manu 
facture andUses by A. B. Searle (Griffin), and “The 
Clayworker’s Handbook,” by A. B. Searle (Griffin). 

I shall be glad to assist him further if he cares to write 
to me, as I have spent the greater part of my professional 
life in dealing with bricks, &c., made of silica and allied 
materials. — I am, &c., 


A. B. Searle. 


The White Building, 
FitzaUn Square, Sheffield. 


SILICA BRICKS. 

To the Editor of the Chemical News. 

Sir,— In answer to your correspondent, “ E. L. B.,” 
Searle’s “ Refractory Materials ” gives full information on 
the above subject. Recent volumes of \ht Transactions 
of the Ceramic Society (Dr. Mellor, Stoke-on-Trent, Hon. 
Secretary) contain some very valuable and up to date in- 
f 01 (nation on this eobject.-I am, fte.^ } 


MISCELLANEOUS. 

Prince Lichnowsky'a Disclosurea.— We understand 
that Messrs. W. H. Smith and Sons are preparing some 
three million copies of a pamphlet entitled “ Guilty, con- 
tainine a summary of Prince Lichnowsky’s memoirs, by 
C. A g McCurdy, M.P. It is desired that theae should be 
widely circulated, and employers are asked to distribute 
copies amongst their staffs and workpeople, tor this pur- 
pose a supply will be sent carriage paid. Application 
should be made to Messrs. W. H. Smith and Sons, 186, 
Strand, W.C. 2. 

The Strontia Process for the Recovery of Sugar 
from Beet-sugar Molasses.— It was pointed out in an 
article by Mr. Richard K. Meade, which appeared in the 
Chemical News (vol. cxvii., p. 126), that the present 
time is undoubtedly most opportune for introducing 
this process into this country In America this is already 
being done, and it is to be hoped that Great Britain 
will not fall behind in this respect. In this connection 
attention may be called to the advertisements of the 
Bristol Mineral and Land Company, Ltd., which have 
appeared in our recent issues. With sufficient supplies of 
strontium sulphate there should be no difficulty in 
establishing a lucrative strontium industry in ,. En § 
and British chemical manufacturers will be well advised 
to take advantage of this opportunity. 

New Method of Silvering Mirrors.- In the Journal 
oj tht Optical Society of America, s new snd very valuable 


publication from the point ot view of those interested in 
optical matters, Mr. Otto Stuhlmann, jun., describes a 
new method of making mirrors, applicable in tha case of 
any metal, and to any material, varying from glass to 
paper. It is described as a distillation method, and the 
principles are simple, though the apparatus needed is a 
little complex. Briefly, the process is as follows To 
produce a silver mirror on, say, glass, a horizontal silver 
wire is heated to incandescence by means of an electric 
current, and the glass to be silvered is placed about 1 inch 
below it. The whole apparatus being in a vacuum, the 
wire is drawn at a uniform speed backwards and forwards 
across the glass, which is covered with a uniform coating 
by the descending metallic vapour. With small objects, 
such as galvanometer mirrors, a row can be arranged 
under the wire and treated simultaneously, the operation 
being completed in about one minute after the necessary 
vacuum has been obtained. It is claimed that either 
opaque or semi-transparent mirrors can be produced with 
equal ease, the thickness of the coating being determined 
very simply by the time given. Seeing the great difficulty 
there is in getting really good mirrors by chemical pro- 
cesses, it would seem worth while to give this new method 
a trial. — The British Journal of Photography , xlv., No. 
3Q*7- 

qpO comply with Regulation 8 (6) of the Defence ot the Realm 
Act, advertiaementi from firms whose business consists 
wholly or mainly in Engineering, Shipbuilding, or the production 
of Mnnitiona of War, or of substances required for the production 
thereof, must include the words " No person resident more than 
ten miles sway or already engaged on Government work will be 
engaged." 

A ssistant Chemists wanted at once for Works 

IX Laboratory. Must be experienced in the Analysis of Ferrous 
and Non-ferrous Alloys, Gas. Coal, Water, and Oil.— Write, Box 246, 
Sell’s Ltd., 168, Fleet Street, London, E.C. 4- _ 

A ssistant wanted for Laboratory Work in 

tx Explosives Factory near Southampton. Previous experience 
not essential. No person resident more than ten miles away or. already 
employed on Government work will be engaged.— Apply, stating age, 
salary required, and experience (if any), to Box 89, care of Judd’s, 07, 
Gresham Street, London, E.C. 2. 

( 'hemical Laboratory Assistants (Lady) are 

w required at a Gunpowder Factory. Applicants must have had a 
good education, including training in Elementary Science.— Address, 
“ Superintendent,’* care of James willing, Ltd., 125, Strand, London, 
W.C. 2. 

E lementary chemistry. — Lecture 

Assistant and Demonstrator required. Knowledge et least equal 
to Inter. B.Sc. standard. Suitable for Student preparing for Huai 
B.Sc . Exam., either a woman, or a man (ineligible for Military ser- 
vice). Salary £ioo, and free tuition.— Apply, Principal, Birkbeck 
College, Breams Buildings, E.C. 4. _ 

J unior Assistant Chemist required in the 

Laboratory of an Engineering Works in the South of England. 
Good knowledge of Theoretical chemistry , with some experience in 
Analyses, desirable. No one ne?d apply who has been passed for 
Military service in a higher grade than Class B 2 or Grade III. Give 
particulars of age, training, and salary required.— Address, K. W., 
Chemical News Office, 16, Newcastle Street, Farringdon Street, 
Lo ndon, E.C. 4. 

etallurgical Chemist wanted by Sheffield 

firm to take charge of shift on 7-ton Heroult furnace. Must 
have first-class experience with Carbon and Alloy Steels. — Address, 
S. F., Chemical News Office, 16, Newcastle Street, Farringdon 
St reet, London, E.C. 4. _________________ 

\K7anted for the Laboratory of large Chemical 

VV Factory, well-trained and experienced Analysts. Accurate 
and systematic workers required.— Address, C. B., Chbmical Nxws 
O ffice, 16, Newcastle Street, Farringdon Street, London, E.C. 4- 

\K70MEN CHEMISTS, with University 

VV training or its equivalent, requited for ANALYTICAL 
WORK at salary of £175 per annum, in Government Department in 
South of England. Previous experience in Technical Analysis not 
necessary. Annual and sick leave allowed. Other women chemists 
employed. Salary to be increased to £200 per annum at end ol six 
months if services found to be satisfactory. — Address, C. W., 
Chemical News Office, 16, Newcastle Street, Farringdon Street, 
Loudon, E.C 4. 
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THE CHEMICAL NEWS 

Vol. CXVII., No. 3047. 


SPECIAL NOTICE TO SUBSCRIBERS. 


We regret to announce that the recent paper 
restrictions will compel us for a period, until we 
can secure our usual supply of paper, to publish the 
Chemical News fortnightly instead of weekly. 

The price will not be altered, exoept as regards 
the subscription price, which, until further notice, 
will be calculated at £1 for fifty-two numbers, or 
pro rata . 

Subscribers will please note that the respective 
expiration dates of their subscriptions will be 
extended accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their extended 
subscription periods. 

The next issue (Ho. 8018) vill bo published on 
May Hth. 


THERMOSTATS. 

By W. N. RAY, M.A., and J. REILLY, M.A., D.Sc. 

Chanoe of temperature affects the values of most 
physical and chemical constants. In many cases the 
effect is a large one, as, for example, with the electrical 
conductivities of solutions and rates of chemical reactions. 
It is therefove important in such cases to carry out the 
determinations at a fixed temperature, and to record the 
temperature at which each value of the constant was 
obtained. A change of temperature of o'ooi° C. will alter 
the density of most liquids by about one in the sixth place ; 
eo that if densities are to be measured with this degree of 
accuracy the temperature most be maintained constant to 
o*ooi° C. throughout the determination. Constancy to 
this extent is the best that can be obtained at present, 
and is only possible at temperatures within a few degrees 
of the room temperature, and preferably abovs it. An 
examination of the literature of such a subject as the 
electrical conductivities of solutions shows that results are 
recorded in various cases for 15° C., x8° C., 20° C., and 
35° C. ; when values are given for two or three of 
these temperatures there is less objection to raise, but in 
many cases results are shown for one temperature only, 
and there is no agreement as to what this temperature 
should be. Since we are able to obtain most accurate tem- 
perature regulation when the temperature is a few degrees 
above the room temperature it would clearly be of great 
advantage to fix a standard thermostat temperature so that 
it would always satisfy this requirement; there are few 
laboratories in Europe where the temperature remains 
below 15° C. throughout the year, while in many tropical 
laboratories the average room temperature is nearer 30° C. 
The adoption of a uniform thermostat temperature of 
25° C. in Europe and 35° C. in tropical countries with 
determinations at both temperatures when possible would 
be of considerable value. 

Thermostats for these temperatures consist of large 
baths of water or other liquid which are kept well stirred, 
while the temperature is regulated by gas or electrical 


heating controlled by some form of thermo-regulator. 
The advantage probably it with electrical heating as far 
as regulation of temperature is concerned. 

It is often useful to have a rough instrument, especially 
in commercial laboratories. A metal capsule containing 
liquid, the expansion of which moves the top of the 
capsule and thence, either mechanically or electrically, 
cuts off the source of heat, furnishes one example, while a 
bimetallic strip which bends on heating gives another 
which can also be used at temperatures besides these in 
common use. Ostwald considers that spirals made from 
a band of two metals of as different expansibilities as 
possible rolled together might be suitable even for sensi- 
tive thermo-regulators, especially if connected with an 
electro magnetic regulator. 

One form of thermost it which has proved very satis- 
factory in practice consists of a tank of copper 60 cm. long 
by 40 cm. broad and 40 cm. deep, and therefore holding 
nearly 100 litres of water. To prevent as far as possible 
loss of heat by radiation and so reduce the effect of varia- 
tion in the external temperature, the sides are usoally 
lagged with a layer about 3 cm. thick of some such non- 
conductor as slag wool. 

No thermo-regulator ia really satisfactory in a room 
whose temperature varies considerably. No lagging 
device will adequately compensate for external variations. 
If a thermostat is in an underground cellar of fairly con- 
stant temperature and free from draughts, lagging may be 
a positive disadvantage, as when the temperature of the 
bath is on the high side it takes all the longer to cool. In 
working fairly near the air temperature there is not much 
chance of the bath falling much below the required tempera- 
ture, in which case only would the lagging come in useful. 
Also for high temperature thermostats, #.g., for micro- 
scopical preparations, it is usually more important that the 
temperature does not exceed a certain amount, in which 
case lagging would be a disadvantage. Thus, while 
efficient lagging of the bath is often very useful it is difficult 
to generalise about its utility. 

At the top of the two longer sides are plate-glass 
windows 15 cm. high and 60 cm. long to enable readings 
to be taken of objects completely immersed ; the glass is 
sometimes cemented in position, but is better fixed by 
means of a metal frame fastened with screws to the metal 
tank, and with a layer of sheet rubber on each side of the 
edge of the glass, between the latter and the metal ; such 
joints are water tight, and the glass is more easily re- 
placed when necessary (Cumming, Trant. Faraday Soc. t 
1912, vii.). 

When gas beating is used the bottom must, of course, 
be left unlagged ; with electrical heating it can be pro- 
tected in the same way as the sides. A constant level of 
the type used on water-baths may be employed, and should 
be adjusted so as to keep the level about 3 cm. from the 
top of the thermostat ; at ordinary temperatores it is 
hardly necessary ; it is sufficient to add some water every 
four or five days. A small drain-cock in one corner of the 
bottom is very useful for cleaning and emptying purposes. 

A less convenient but considerably cheeper arrangement 
can be made of a copper tank enclosed in a wooden case 
with a second wooden case, allowing a space of 2 or 3 
cm. between the two; this space is filled with sawdust, 
cork, or other convenient insulator. 

For the thermostat to be efficient, vigorous stirring is 
essential ; good results have been obtained by using a oar 
passing lengthways along the bottom of the bath, and 
carrying six small paddles 5 cm. by 4 cm., and attached to 
a short arm which passes through a bole drilled in the 
bar and is held in position by a thumbscrew. The bar 
runs in vulcanite or metal bushes, which are secured to 
brass rods so as to be capable of vertical adjustment by 
means of clips fastened at the top of the bath ; the height 
of the bar is adjusted so that toe paddles just clear the 
bottom. 

It is perhaps conducive to auieter running to have the 
bushes fastened to the sides of the bath near the bottom. 
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especially since the vertical adjustment is rarely used 
after the initial setting. The stirrer is driven either by 
means of grooved pulleys and a belt or by means of 
toothed wheels and a chain. In either case it is advisable 
to use large pulleys or wheels. Twisted tape makes a 
satisfactory belt which will last for months. A deep 
groove on the pulleys prevents the belt from slipping off, 
while the use of large pulleys stops belt- slip under a 
heavy load. With toothed wheels the teeth should be 
cut and not pin teeth, since the latter wear out quickly. 
Chains of the kind used in pinanolas are used, but these 
stretch after a time, and then make a considerable noise 
as they slip on to the teeth ; for this reason the use of 
belts is preferable in spite of the greater chance of break- 
age. The upper pulley is fixed by clips to the edge of the 
bath, and so can be moved along to take up the slack in 
the belt. The spindle of this pulley is connected by a spring 
coupling to a one-tenth horse-power motor fitted with worm 
reduction gear. Instead of the spring coupling, a pulley 
and a belt drive may be used, while the worm reduc- 
tion gear may be replaced by the back wheel of a bicycle, 
the axle of the wheel being clamped firmly into a heavy 
retort stand. One belt passes from the motor round the 
rim of the wheel, while the other passes round that part 
of the hub between the chain-wheel and the spokes. The 
speed of the motor is regulated by means of a lamp 
resistance, or in the case of an alternating current by the 
use of a choking coil, so that the paddles make about 100 
revolutions per minute. Small paddles with rapid stirring 
are found to be most effective. 

The efficiency of various types of gas thermo-regulator 
has been investigated by Lowry (Journ. Chtm. Soc ., 
1905, T., 1030). He found that with a large regulator of 
the Ostwald type containing about 250 cc. of a 30 per cent 
solution of calcium chloride, the temperature of the bath 
showed periodic variations amounting to 0*05° C. in 
amplitude, and having a period of twenty minutes. 
Variations of the gas pressure affected the mean tempera- 
ture of the bath to a large extent, but the effect is less with 
more sensitive regulators. A drop in the temperature of 
the room was found to increase the amplitude of the tem- 
perature variations. 

Lowry designed two types of regulator which gave much 
more satisfactory results ; the bulb of one was a fluted 
cylinder, while that of the other was a spiral. The con- 
stants of the best example of each type were as follows - 

Fluted. Spiral. 

Dimensions . . . . 8x2 ins. 8x6x1 ins. 

Volume 150 cc. 500 cc. 

Movement of mercury 1 mm. for 0*017° C. 0*006° C. 

Amplitude o*oxo° C. 0*008° C. 

Period 7 mins. 2 mins. 

With both these regulators, after the initial period, the 
flame merely trembled and the temperature showed no 
marked oscillations. When gas heating is used the best re- 
sults are obtained with a low and steady gas pressure ; 
about 3 cm. of water is a convenient gas pressure to use, and 
this can be readily attained by the use of the gas pressure 
regulator described by Joseph (Journ. Chem. Soc. Proc ., 
1914). The gas from the main enters through a thin 
walled rubber tube, which pastes between a fixed bar and 
the binged bar of a telegraph sounder. The thin rubber 
tube is connected by means of a T-piece to a large bottle, 
and to the side tube of a filter -flask which contains some 
40 per cent sulphuric acid. The neck of the filter-flask is 
dosed by a rubber stopper with two boles ; through the 
smaller hole passes a glass tube with a platinum wire 
sealed in at the end and containing some mercury ; the 
platinum wire dips into the acid and so makes contact 
with it. The other hole carries an open tube 1 cm. in 
diameter, with the lower end dipping into the acid ; in this 
tube is placed the other contact made adjustable by 
passing it through a large coik resting on the top of the 
open tube. The telegraph sounder is in series with these 

wp mercury contacts and with a battery giving about 6 


volts. When the gas pressure in the apparatus rises, the 
acid is forced up in the wide tube and so completes the 
circuit ; the electro-magnet then comes into operation and 
pinches the rubber tube, cutting off the gas supply as long 
as the pressure remains high. A lead weight placed on 
the bar of the sounder is an advantage in reducing the 
amplitude of the pressure oscillations. The large bottle 
takes up small variations of pressure, and from here the 
gts passes to the thermo-regulator, a T-piece serving to 
connect in a water manometer which indicates the gas 
pressure. When the apparatus is properly adjusted the 
fluctuations of pressure are less than a mm., even when 
the gas pressure in the main is as high as 25 cm. of water. 

For long runs it is very advisable to further purify the 
gas by washing through either silver nitrate or a mer- 
cury salt (if a bubbler is used a large “ capacity n must 
follow) or other washing medium, otherwise the surface of 
the mercury in thetregulator soon becomes too dirty to be 
really good. 

Many different types of thermo-regulator have been 
devised. Feild (Journ. Am. Ctum. Soc., 1914, xxxvi., 72) 
describes one which depends on the change in vapour 
pressure of ether, and which was capable of maintaining 
a bath of 350 litres at 30° C. with an accuracy of o*oi° C. 
to 0*005° C. for several days at a time. This form is not 
so sensitive as the toluene regulator described below, but 
it has the advantage of adapting itself to change of tem- 
perature of the bath with great rapidity, and therefore may 
prove useful when large or sudden changes in the external 
temperature ace unavoidable. The apparatus consists of 
a U-tube closed at one end, having a threeway stopcock 
at the bend and a stopcock at the open end of the tube. 
Two platinum wires are fused in the open side of the tube. 
Dried ether and air are confined in the closed side of the 
tube by a column of mercury, and the increase of vapour 
pressure of the ether causes the mercury to make contact 
with the upper platinum wire, and so to shut off part of 
the heating circuit by means of a relay. The regulator is 
adjusted by the addition or removal of mercury, the air 
in the open arm is replaced by carbon dioxide and the tap 
is closed. Mercury is then poured above the tap and a 
rubber stopper is inserted. The threeway cock is also 
closed by a rubber tube and a pinchcock. 

The Lowry pattern thermo-regulator is one of the most 
satisfactory; this, as mentioned above, is made in two 
forms : one a spiral closed at the upper end and connected 
at the lower with a narrow vertical tube rising out 
of the thermostat ; the other consists of a series of 
flattened bulbs one above the other ; the top bulb is 
sealed to a narrow tube, one end of which passes to the 
bottom of the lowest bulb, and the other projects above 
the water. The object of these particular forms is to 
expose as large a surface as possible, so that the liquid in 
the regulator will follow the small changes in the tem- 
perature of the bath with as small a lag as possible. The 
narrow tube which projects above the surface is expanded 
to about 1 cm. in diameter, and has a side tube sealed on ; 
the top of the wide tube is closed with a rubber stopper 
carrying an angle tube drawn out to a fine capillary ; the 
end of the capillary is cut off or ground square, and passes 
down into the narrow tube. The angle tube and the side 
tube of the regutatorare connected by an H-tube with a glass 
tap in the middle which acts as a by pass. The upper 
tube of the H is connected to the gas pressure regulator 
and the lower tube to a micro burner, such as is used in the 
apparatus for the electrolytic detection of arsenic. The 
by-pass is adjusted so that the gas which passes this way 
is almost sufficient to maintain the temperature of the bath 
at the required value ; very little gas then passes through 
the regulator, with the result that the amplitude of the 
temperature oscillations is small and the mercury is not 
so readily fooled by sulphur in the gas. (If the gas con- 
tains much sulphur it should be passed through a soda- 
lime tube). The liquid used in the regulator should have 
a large coefficient of expansion and a low density and 
specific heat ; toluene i* very generally used. The 
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regulator it filled in the following manner: — The toluene 
it firtt dittilled, and is then repeatedly shaken with mer- 
cory to remove sulphur compounds, so that a clean mer- 
cury surface left in contact with the toluene will remain 
clean. The end of the regulator is closed with a stopper 
carrying a flats tube with a tap in it, and the tide tube it 
connected by way of a tap to the water-pump. The 
regulator is exhausted and the tap is doted ; the regulator 
is then inverted, the tube placed under toluene, and the 
tap opened so that some of the toluene enters ; the tube 
is then again exhausted and some more toluene admitted. 
This operation is repeated several times until the apparatus 
it full ; mercury is then added so as to nearly half fill 
the lower bulb, and the excess of toluene is removed. 
The regulator is then placed in the bath at the right tem- 
perature, and mercury it added or removed by a capillary 
tube. The final adjustment is made by replacing the 
rubber stopper and raising or lowering^the capillary tube. 
A side tube is sometimes added containing a space filled 
with mercury into which projects a metal screw passing 
through a threaded hole in a round steel nut cemented on 
to the end of the tube ; by turning the screw the position 
of the mercury can be very quickly adjusted so as to give 
the required temperature; the arrangement does not 
commend itself for very accurate work, and is likely to 
lead to small chance variations of adjustment which might 
not be noticed until too late. Two thermometers are 
required, one a sub standard reading from - io°to 50° C., 
each degree being sub-divided into tenths, so that tem- 
peratures can be obtained accurately to 1/100° C. and 
estimated by meant of a microscope to 1/500° C., and a 
Beckmann thermometer. The two thermometers are 
fixed in the bath to that the points on the scales corre 
sponding to the required temperature of the bath are as near 
to the surface of the water as is consistent with con- 
venience of reading. The temperature of the bath is then 
adjusted to that required as indicated by the sub-standard 
thermometer, the readings being made with the aid of a 
small microscope and the necessary corrections being 
applied. The temperature on the Beckmann thermo- 
meter it then read, and in future the bath is always 
adjusted to correspond to a fixed point on the Beckmann 
thermometer ; the latter adjustment can always be made 
correct to oooi° C., although the actual value of the tem- 
perature is not known to the same degree of accuracy. In 
general, it is more important to get a steady temperature 
than to aim at any definite reading. 

Whitaker’s modification of thermo-regulators for gas 
consists in cutting ofi the gas by the mercury just at 
the top of a capillary tube, which rises from the bulb. A 
little well is ground at the top of the capillary, the angles 
of the bottom being is low (i.#., as nearly horixontal) at 
is compatible with ensuring that the mercury will trickle 
back every time. The cut-off tube must approach very 
near indeed to the bottom of the well (say one-sixteenth 
up). The end of this is ground off internally at an angle 
estimated to be approximately tangential to the mercury 
globule where it touches it, thus disturbing and deforming 
it as little as possible. Ostwald lays great importance on the 
shape of the end of the inlet pipe. He considers it better 
to cot off the tube at right angles to the axis, so that it is 
shut off by a very small rise of the mercury and opened 
again by a corresponding small fall. Mane and Marquis 
have devised a simple and easily regulated thermostat 
(Comptn Rtndus , 1903, cxxxvi., 614). Their instrument 
maintains a constant temperature to within two or three 
hundredths of a degree. It is composed of a cylindrical 
enamelled iron vessel of 15 litres capacity filled with dis- 
tilled water. The vessel is placed inside a vessel of 
slightly larger dimensions, and the space between is filled 
with sawdust. The bath is heated electrically by means 
of a platinum wire, and the current regulated with the aid 
of a rheostat. The agitator is worked by a small electric 
motor. The constant temperature is maintained by means 
of a thermo-regulator consisting of a large glass cylinder 
filled with acetone or other liquid. The liquid selected 
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should have a sufficiently large coefficient of expansion to 
give the apparatus a suitable sensitiveness. The expan- 
sion of the liquid causes the level of a mercory column to 
vary in the proximity of a platinum point. The current 
necessary to establish an electric circuit for the make and 
break is furnished by an auxiliary pile. It acts as a relay 
which connects the heating current. 

For electrical heating the apparatus can be arranged 
conveniently thus : — The bath, stirring gear, and thermo- 
meters remain as before ; as heaters two hot-point immer- 
sion heaters are used capable of taking a or 3 amperes at 
100 volu ; one of these replaces the by-pass in the gas- 
bested arrangement, the other is operated by the thermo- 
regulator. The former is connected to the mains with a 
choking coil or lamps in series to regulate the current, so 
that by itself this heater will keep the temperature just 
below the required value ; instead of the heaters, carbon 
filament lamps may be used. The Lowry thermo- regulator 
has a thick platinum wire sealed into the bottom, making 
contact with the mercury inside. The other contact is u 
platinum wire mounted on a thin brass rod on which a 
screw thread is cut, and with a head having a milled edge 
at the top ; the screw moves through a nut cemented into 
the top of the regulator and provides an easy method of 
adjustment. The side tube of the regulator is closed with 
cotton- wool. The regulator is in series with two storage 
cells, a 2000 ohm sliding rheostat, and a Post Office 
standard relay ; a current of a few milli-ampires is suffi- 
cient to work the relay, but to prevent sparking with con- 
sequent injury to the contacts a condenser of 0*5 micro- 
farads is connected in parallel with the relay terminals ; 
the condenser may be replaced by a pair of aluminium 
plates insulated by glass tubing and held together by two 
rubber bands ; the plates are about 8 cm. by 10 cm., and 
are immersed in a beaker of distilled water (Be owning and 
Symons, Trans. Faraday Soc. t 1913, xi., 60). The 
second heater is connected in series with the mains, a 
lamp resistance, and the relay, the contacts being again 
shunted with a condenser. When the temperature rises 
contact is made in the regulator ; the current from the 
storage cells then operates the relay, breaking the contact 
in the heating circuit; when the temperature falls, the 
current in the relay ceases, the spring in the relay then 
pulls the arm back, and again makes the heating current. 

Either of the above thermostats will keep the tempera- 
ture steady to o'ooi° C. for weeks, while for longer 
periods they can be relied upon to 0*002° C. For some 
purposes it is necessary to use a thermostat adjusted to 
some temperature between xero and the room temperature ; 
the heating arrangements of the ordinary thermostat can 
then be replaced by a coil of thin walled copper tubiog 
carried round the walls of the thermostat near the top ; ice 
water is passed through the coil, and the temperature 
is controlled by a thermo-regulator working a relay 
which cuts off the supply of ice water by pinching e 
thin walled rubber tube (Browning and Symons, 
Journ. Soc . Ckem. Ind., 1914, 33), somewhat in the 
same manner as in the gas pressure regulator described 
above. The top of the thermostat may be covered 
with plate-glass cot in three strips for convenience 
in removing. Greater accuracy than o*oi° C. cannot be 
obtained at these temperatures. Morgan (Joum. Am. 
Cham. Soc., 1911, xxxiii., 334) devised an arrangement for 
maintaining s small thermostat at any desired temperature 
between o*x° C. and 90° C. to a few hundredths of a 
degree. The regulator has a U- shape, one arm of the U 
being 3 cm. in diameter and 15 cm. long, and closed by a 
tap with a funnel above it. A platinum wire is sealed in 
this side, and bends vertically down so as to reach a point 
about x cm. above that at which the tube narrows. The 
bend of the U-tobe is a capillary of 0*75 mm. diameter; 
about 6 cm. above the bend this expands to a diameter of 
4 mm., which continues to the top of the tube ; to the end 
of the tube is fixed by means of a thumbscrew a threaded 
collar with a binding screw. A threaded brass rod 2 mm. 
in diameter passes through the collar and terminates in a 
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short Btout platinum wire. Mercury is added to within 
3 cm. of the top of the capillary, and then purified toluene 
is poured in to fill the larger side tube. The stopcock is 
left open while the temperature of the bath is roughly 
adjusted to the required value, and is then closed, the final 
adjustment being made by means of the threaded brass 
rod. The two wires from the regulator are connected to 
a 2-volt cell and a relay which will operate so as either to 
make or break the current in the main circuit. The con- 
nection in a P.O. standard relay can be made so as to 
produce either result. The main circuit may consist of 
D.C. current from the mains passing through a 32 C.P. 
lamp, and an electro-magnet arranged like the telegraph 
sounder, except that the brass bar is prolonged and has a 
weight of several kilogrms. attached to it, so that when 
no current passes the weight causes the other end of the 
bar to press upwards against a metal stop. Between the 
latter and the bar passes a thin walled rubber tube which 
is compressed so that no water can flow through it. The 
bath has an overflow so as to keep the water-level con- 
stant, and ice water or hot water from a reservoir giving 
a pressure head of 40 to 50 cm. passes into the bath 
through the rubber tube. At temperatures below that of 
the room the electric circuit is arranged so as to cut off 
the current and allow ice water to flow when the expan- 
sion in the regulator makes the current there. For higher 
temperatures the connections are arranged so as to break 
the main current, and cut off the hot water supply when 
the temperature causes the regulator to make the current 
in the relay. Thermostats to give exactly o^ C. are rather 
difficult to arrange. Since water just above o° C. is less 
dense than that at o° C. it is advisable to have a good 
supply of ice at the bottom of the tank. A false bottom 
of perforated zinc is therefore fitted 15 to 20 cm. above the 
bottom of the bath, and on this rests a rectangular per- 
forated zinc box of such a size as to leave ample space for 
ice between it and the sides of the bath ; the box forms the 
actual working space, and can be fitted with a stirrer, &c. 
When preparing the thermostat for use crushed and 
washed ice is packed on the bottom to a height of 15 to 20 
cm. ; the false bottom is then secured in position, and on 
this the rectangular box ; the space between the walls and 
the box is then packed with lumps of ice up to the top ; 
ice water is next run in to the desired level, and finely 
crushed ice is put in to a depth of 2 or 3 cm. in the top of 
the box and a plate-glass cover placed on the whole. 

For high temperature an electric furnace is described by 
Waidner and Burgess (Bull. Bur. Stand . , vi., No. 2). It 
consists of a resistance furnace mounted vertically, and 
having two separate heating coils of platinum ribbon 
o*oi mm. by 2 cm. wound on porcelain tubes with the 
turns so spaced as to allow the establishment of a uniform 
temperature over a considerable length of the furnace. A 
separate rheostat controls the current in each circuit. 
Temperatures are read by means of a platinum resistance 
thermometer, and it is possible, by adjusting the rheostats 
by hand, to maintain the temperature steady to a few 
hundredths of a degree. 


WAR BREAD. 

By EDMUND I. SPRIGGS, M.D.Lond., F.R.C.P.Lond., 
Senior Physician, Duff House, Banff ; late Seniour Assistant 
Physician to St. George’s Hospital and Dean of the Medical School. 

Much has been written about the alterations in the look 
and the taste of our daily bread which have taken place in 
the last three years. With better knowledge and practice 
in mixing flours and making bread there is an undoubted 
improvement in the loaf in those parts of the country from 
which most complaint came. There are still, however, 
many people who believe that war bread is bad for them, 
and a larger number who, whilst admitting that it may be 
good for healthy folk, think that it is unsuitable for the 
sick. It may therefore be of advantage to review afresh 


the composition of war bread at the present moment, to 
inquire what evidence there is of its digestibility in health 
and disease, and to consider what profit the nation gains 
by its use as compared with that of the pre-war wheaten 
loaf. 

The war bread of to-day is made from flour which con- 
sists for the main part of wheat so ground| as to yield 
90 per cent of the grain as flour. This means that some 
of the branny material of the outer part of the wheat grain, 
which was formerly separated and used for feeding 
animals, is now ground up fine and added, with the germ, 
to the flour. With this 90 per cent wheat flour is mixed a 
variable proportion, usually less than one-fifth, of flour 
made from other cereals, chiefly bailey, rice, and maize. 

We may consider in what degree, if any, the digestibility 
of the bread is affected by the inclusion, first, of a part 
of the finely-ground bran, and, secondly, of the flour of 
other cereals. 

Effect oj including larger Proportion of Grain. 

A good deal of work has been done in the past upon the 
advantages or disadvantages of grinding into flour a larger 
or smaller proportion of the wheat grain (see J. M. Hamil, 
“On the Nutritive Value of Bread made from Different 
Varieties of Wheat Flour,*’ published by H.M. Stationery 
Office, 1911), the main result being that the differences in 
nutritive value of the flours so obtained are not great, not, 
indeed, so great as the differences between flours made 
from varying samples of wheat. Judging from earlier 
work, therefore, we should not be surprised to find that a 
90 per cent flour might contain as much nourishment as 
many samples of 70 per cent or 80 per cent flour. 

Recently the Food (War) Committee of the Royal Society 
has, in a well conceived and wide research, compared the 
digestibility of 90 per cent flour with that of 80 per cent 
flour (“Report on the Digestibility of Bread,” 3206). 
Observations were made upon four persons in London, 
four in Cambridge, and four in Glasgow, the diet being 
regulated and the excreta analysed. The experiments 
were directed in the different centres by Mr. J. A. Gardner, 
Prof. F. G. Hopkins, and Prof. Noel Paton respectively, 
assisted by skilled workers. The results showed that the 
“90 per cent” bread was well digested, 94*5 per cent of 
the nutritive matter of the whole diet being made use of 
by the body. With the “8o per cent” bread, 96*1 per 
cent of the food consumed was absorbed. These figures 
are averages of all the experiments. There was, however, 
a striking agreement in the figures from each individual. 
The proportion of the nitrogen absorbed from the food 
was 87*3 per cent with the 90 per cent flour, against 89*4 
per cent with 80 per cent flour. 

This research shows that the addition to the flour of the 
extra 10 per cent from the outer part of the grain bad only 
a slight effect upon the digestibility of the diet, the ab- 
sorption being within 1 or 2 per cent of what it was with 
80 per cent flour. The subjects of the experiment were 
of varying physique, and they ate rather more bread than 
they were accqstomed to take. When allowances are 
made for such alteration in diet it may be said that the 
only notable effect of the bread was an increase in the 
bulk of the motions. One subject, who said that brown 
bread had always disagreed with him, suffered from 
diarrhoea, and the experiment was discontinued. He re- 
covered on bread made from Government regulation flour. 
This subject was the only one of the twelve who took beer, 
and the thought suggests itself that it would have been of 
interest to have gone on with tbe experiment and discon- 
tinued the beer. 

These observations are in accordance with experience 
in Switzerland, where an 87 per cent flour is now used. 
Prof. E. Feer has recorded that the bread has produced 
no digestive disturbance in the children in a large hospital, 
and that when wholemeal flour was added to the milk of 
hand-fed children from tbe third month instead of white 
flour, no difference could be observed in the nutrition of 
the children or in their excreta (E. Feer, “Ueber die 
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Vex wend ung dee Vollmehls in dec Sauglingsernahruug. 
und uber das Vollbrot im Allgemeinen,” Corresp. /. Schw. 
Aerst., December 27, 1917; quoted from The Lancet, 
March 9, 1918, p. 379). 

Effect of Addition of other Cereals . 

The dilution of wheat flour with other cereals would not 
be expected to have an adverse effect upon digestibility. 
There is none of the cereals which are available — namely, 
barley, rice, maize, and oats— which is not, or has not 
been, the staple food of whole nations. 

Two experiments on the point have been published 
recently. The writer and Mr. A. B. Weir compared in a 
young man the digestibility of white bread and war bread 
with breads made from two-thirds white flour and one- 
third oats, birley, maize, or rice (£. I. Spriggs and A. B. 
Weir, “The Digestibility of Bread made from Two Parts 
of Wheat, and One Pact of Oats, Barley, Maize, or Rice,” 
The Lancet , November 10, 1917). The subject took a fixed 
diet, each bread being eaten with it for three days at a 
time, and the excreta were demarcated and analysed. AH 
these breads were found to be palatable and were as 
nourishing as bread made from white wbeaten flour, 95 to 
96 per cent of the total nutriment being absorbed in each 
case. 

In its newly published report the Royal Society Com- 
mittee records observations on the digestibility of bread 
made from four parts of 80 per cent wheat flour and one 
part of maize flour. The bread was eaten by seventeen 
people, of whom twelve were also the subjects of the 
experiment with the 90 per cent wheat flour. Of the five 
new subjects four were boys aged eight, nine, twelve, and 
thirteen, and one was a man of fifty-five of poor digestion. 
At one centre the subjects did not find the maize bread so 
easy to eat as that to which they were accustomed, and 
some complained of flatulence. At another centre 
flatulence was not noticed, and one subject ate af lb. of 
the bread daily without discomfort. The analytical 
results of the observations were in no way dubious ; they 
showed that the bread was as digestible as that made 
from wbeaten flour. 

In a further study under the direction of Mr. Gardner 
breads made from four parts of 90 per cent wheat flour 
and one part of a mixture of barley, maize, and rice, also 
of barley and rice alone, were eaten by forty-seven muni- 
tion workers for one or two months. The workers were 
weighed each week, and their comments recorded. There 
was an average increase of weight. No flatulence or 
diarrhoea was complained of, and some of the workers who 
had suffered from constipation, and one who was liable to 
diarrhoea, were better while taking the bread. 

We may therefore conclude from all these observations 
that the dilution of wheat floor with other cereals in the 
proportion hitherto used is in no way harmful. The use 
of potato in bread was not investigated in these experi- 
ments, but it may be assumed safely that such bread also 
is well digested. Indeed, much of it has been eaten with 
appreciation and without complaint. 

Nature of Complaints . 

The symptoms which are most commonly mentioned 
and attributed to war bread are a feeling of fulnesa, 
flatulence, looseness of the bowels, or constipation. It 
may be noted, in the first piece, that a feeling of fulness 
and flatulence are the two commonest symptoms of in- 
digestion of all kinds. They are likely to occur with any 
change of food, from dietetic errors unconnected with 
bread, from overwork or many other causes, and are not 
of consequence unless they persist. In view of the experi- 
mental data given above it appears that such symptoms 
cannot be ascribed to indigestibility of the ingredients 
from which war bread is made. If they arise from the 
bread at all they are more likely to be doe to unskilful 
baking or insufficient chewing. War bread makes good 
toast, and for some types of weak digestion it is an 
advantage to toast it, as was, indeed, the case with pre 


war bread. The second complaint made is of mild dis- 
turbance of the bowels, chiefly looseness, though soma of 
the subjects of the experiments with maize bread com- 
plained of constipation. On the whole, war bread appears 
to be a little laxative as compared with pre-war bread. 
This is probably an advantage to the nation. Constipa- 
tion is, unfortunately, too common on the modern diet of 
civilisation, and is in many people a source of ill-health. 

The Royal Society's report gives some observations in 
which the same bread as was supplied to the canteen 
above referred to was eaten by twenty-five patients, in- 
cluding some advanced cases, observed by Dr. G. B. 
Dixon and Dr. E. G. Glover, in two sanatoria. Three of 
the patients disliked the bread and preferred ordinary 
bread, but in none was there evidence of digestive dis- 
turbance. War bread has also been eaten by patients 
with many forms of indigestion without any complaint being 
made that was not made with white bread. Experience 
shows that the number of those who complain of war 
bread includes a good proportion of nervous folk who 
would in any case be complaining of something. Indeed, 
Prof. Feer says that in Switzerland only neurasthenics 
and hypochondriacs complain. We do not go so far as 
that, for we recognise at least two other classes of com- 
plainers. First, those already mentioned, who ascribe to 
a particular article of food symptoms due to other causes ; 
and, secondly, those who do not like war bread and con- 
found their likings with their needs. Members of our 
profession, when consulted by those in the last class, may 
justly call attention to the following facta. 

Benefits from Use of War Bread, 

Since a great part of our cereals comes from abroad the 
delivery of bread to each household involves the buying 
of corn abroad and its transport to this country. Such 
corn has to be paid for in money or in credit, and each 
payment lessens our wealth at a time when every penny 
is needed to help os in our struggle. But more than that, 
wheat brought across the sea involves at the present time 
a loss of ships and of our sailors' lives, owing to the fre- 
quent sinkings by submarines. The use of home-grown 
cereals to dilute wheat flour reduces these losses. A 
further reduction is made by grinding all the wheat to a 
90 per cent standard, foe this alone, as the figures of the 
Royal Society's Committee show, gives a gain of 10 per 
cent of nourishment, and even when allowance is made 
for the use of millers' “ offal ” to feed animals, there is still 
a gain of 9 per cent of nourishment. That is to say, by 
using war floor we save at least 1 pound in each 11 that 
are spent, one wheat-ship in each eleven sonk, and one 
life of each eleven that are sacrificed to give us our daily 
bread .— The Lancet , April 29, 1918, p. 613. 


ON THE ATOMIC WEIGHT OF TELLURIUM 
IN RELATION TO THE MULTIPLE 
PROPORTIONS OF THE ATOMIC WEIGHTS 
OF OTHER SIMPLE BODIES.* 

By HENRY WILDB, D.Sc., D.C.L., F.R.8, 

The recent determination of the atomic weight of tel- 
lurium by M. R. Metzner (Camples Rendus , June 13, 
1898) affords me the opportunity of again directing the 
attention of savants to the present anomalous condition of 
theoretical chemistry, and to the obstacles that stand in 
the way of its future progress. 

The experiments made by M. Metzner abow for tellurium 
an atomic weight equal to 127*9 as the mean of one series, 
and 128*01 for the second series. These results indicate 
a nearer approach to the theoretical number 128, adopted 
by Dumas and other chemists, than any previously 
recorded. 


• Comptm Rendus , 1898, Toms U. 
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The classical memoir of Dumas ( Compies Rendus , tome 
xlv., 709; xlvi., 951 ; xlvii., 1026) upon the equivalents of 
simple bodies embodied all out real knowledge of the 
numerical relations among the atomic weights until the 
publication of my own memoir on the origin of elementary 
substances (Manchester Memoirs, 1878, 1886, 1894), 
wherein the triads and other multiple relations of the 
atomic weights revealed by the illustrious Dumas were 
greatly extended. I also found that the common numerical 
difference between the atomic weights of the oxygen series 
and the alkaline-earth metals observed by Dumas was 
exactly paralleled by a common difference in the atomic 
weights of the halogens and alkaline metals of half the 
amount shown in the series of oxygen and alkaline earth 
metals. This new relation only became manifest after the 
work of Dumas by the discovery of rubidium and caesium, 
and by the adoption of the atomic weights of Cannizzaro. 

The absolute parallelism of the positive and negative 
series of elements Hm and H zn t as seen in my table 
(Comptes Rendus , November 8, 1897), in their numerical, 
chemical, and physical relations, leaves no doubt that, for 
these four natural and best known series, the multiple pro- 
portions of their atomic weights represent the truth of 
nature. The small differences observable between the 
experimental and a few of the theoretical atomic weights, 
when distributed among the twenty-four numbers com- 
posing the four series, only amount to 0 0046 of the actual 
determinations. 

The atomic weights are also in much closer agreement 
with experimental results than is the fundamental law of 
dtomic heats formulated by Dulong and Petit for these same 
series. No one doubts the general accuracy of this law, 
because it does not bold good for carbon, boron, and 
silicon, or to fractional quantities throughout the whole 
number of the elements. Dalton’s law of chemical com- 
bination in definite and multiple proportions was founded 
on approximations differing for the principal elements 
more than 30 per cent from later determinations (Dalton’s 
“New System of Chemical Philosophy,” 1827, ii., 352), 
and through the adoption of the atomic weights of 
Cannizzaro, these differences are largely increased. 

I would also emphasise the fact, hitherto ignored by 
chemists, that as the atomic weights of the two positive 
series of elements, Hn and Han, are the products of the 
large multiple numbers, 16, 23, and 24 respectively, cor- 
related also by the common differences 4 and 8 with the 
large multiple numbers 46 and 48 of the two negative 
series of elements, the exact multiple proportions sub- 
sisting among these higher atomic weights have an im- 
mensely greater validity in determining the question of 
their being whole numbers of hydrogen, than when all the 
equivalents were compared directly with the unit cr half- 
unit of hydrogen by Stas and the older chemists. 

I have now the honour to bring before the Acad£mie a 
new argument in favour of the exact multiple proportions 
of the atomic weights, which, while helpful to earnest 
students of the natural sciences, will be a permanent 
check to the pretensions of those chemists who set up 
their laboured approximations of the atomic weights as the 
absolute truth of nature and the measure of the power of 
future investigators. 

In the memoir referred to, Dumas formulated the pro- 
position that “ in three simple bodies of the same natural 
family, the equivalent of the intermediate body is always 
half the sum of the equivalents of the two extreme bodies.” 
This proposition, as will be evident, is the rigorous expres- 
sion of the definite and exact multiple proportions of the 
atomic weights. 

The first example of this law given by Dumas is the 
triad of Bulphur, selenium, and tellurium, with the old 
equivalents, 16, 40, 64, equal to 32, 80, 128 of the atomic 
weights of Cannizzaro. Now, in the geometry of solids, 
we have a triad of numerical proportions similar to those 
found in the atomic weights, since a cone, sphere, and 
cylinder, of equal diameter and altitude, have the ratios 
of x, 2, 3, respectively, and the intermediate body is half 


the sum of the two extreme bodies, as in the triad of 
sulphur, selenium, and tellurium. The mental attitude of 
those chemists who make their determinations of the 
atomic weights the absolute truth of nature, would there- 
fore be strictly paralleled by that of an ingenious artist 
who should endeavour to prove, by mechanical means, the 
ratios of the cone, sphere, and cylinder, but, finding that 
after the expenditure of much time and labour the extct 
ratios, by weight and measure, could not be obtained, 
owing to the unequal density of the material operated 
upon and other causes, should set the results of his labours 
above the demonstrations of the geometer, and declare, in 
the (hyperbolic language used by Stas respecting the 
multiple proportions of the atomic weights as modified by 
Dumas, that the exact ratios of the cone, sphere, and 
cylinder are “ a mere illusion, a pure hypothesis, absolutely 
contradicted by experience ” (Bull. Acad . Sci. Belgique , 
i860, x., 212). 

Applying the foregoing reasonings to the determinations 
of the atomic weight of tellurium by M. Metzner, and 
accepting the theoretical value of 128 as correct, it will be 
seen that M. Metzner, by taking the mean of the results 
of his first series of experiments with the sulphate, and 
making the final atomic weight 127*9, has hardly done 
himself justice, as the second series with telluric acid 
shows a mean atomic weight of 128*01. Moreover, three 
of the seven determinations made by M. Metzner show the 
actual theoretical atomic weight 128, which is the criterion 
of the experimental results. — Memoirs and Proceedings of 
the Manchester Literary and Philosophical Society, 1918, 
lxi. , Part 11. 

ORDER OF THE MINISTRY OF MUNITIONS. 

Fertiliser Prices, 19x8. 

The Minister of Munitions has made an Order dated 
April 30, and taking effect as from May x, relating to 
superphosphate, sulphate of ammonia, and ground basic 
slag. The Order supersedes previous Orders relating to 
superphosphates of August 20, 1917, November 17, 1917, 
and March 28, 1918, as regards sales after May x for 
delivery after May 31, and regulates trade, fixes maximum 
prices, and equalises the cost of distribution of the fertilisers 
by rail or water throughout the United Kingdom. 

The Order operates independently of the Fertilisers and 
Feeding Stuffs Act, 1906. The provisions of the Order as 
regards maximum prices chargeable do not apply to 
fertilisers sold for export (other than to Channel Isles 
or Isle of Man), sales of less than 14 lbs., sales for delivery 
prior to June x, or sales of sulphate of ammonia for use 
in the manufacture of munitions or for industrial purposes. 

Licences are required for the sale of fertilisers and for 
their dispatch under certain conditions. Makers, dealers, 
and users must render such returns as are required. 

“ Superphosphate ’’means superphosphate of lime, manu- 
factured from mineral phosphates, but doee not include 
basic superphosphate, bone superphosphate, dissolved 
bones, bone meal, bone compound, guano, or compound 
manures, and sulphate of ammonia used for manufacture 
of compound fertilisers is deemed used for fertilising and 
not industrial purposes. 

The scheme for equalising costs of distribution is con- 
tained in the fifth schedule to the Order which provides for 
the opening by every maker or producer of the fertilisers 
of an account with the Government, wherein the Govern- 
ment is to be debited with the cost of carriage by rail or 
water incurred by the maker, and credited with a fixed 
sum of 12s. 6d. per ton (allowed for in the maximum prices 
fixed by the Order, and meant to cover the estimated 
average cost of distribution), the difference being borne by 
the Government. 

Applications for licences relating to sales and consign- 
ments of superphosphates, ground basic slag, and sulphate 
of ammonia to be used as fertilisers, and communications 
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relating to the scheme for equalising costs of distribotion 
should be addressed to the Food Production Department, 
Board of Agriculture and Fisheries, 72, Victoria Street, 
S.W. 1. 

All other applications in reference to the Order and for 
licences for sale of sulphate of ammonia to be used in 
manufacture of monitions of war, or for industrial pur- 
poses, should be addressed to the Director of Acid Sup- 
plies, Ministry of Monitions, Explosives Supply Depart- 
ment, Storey’s Gate, Westminster, S.W. x. 

April 30, 1918. 


LIGHTING, HEATING, AND POWER ORDER, 1918. 


bearing upon this question, are discussed. Experiments 
at atmospheric pressure and experiments in vacuo are 
described. 

The main conclusions arrived at are: —That graphite 
cannot be converted into diamond by heat and pressure 
alone, within the limits reached in the experiments ; that 
there is no distinct evidence that any of the chemical 
reactions under pressure have yielded diamond ; that the 
only undoubted source of diamond is from iron previously 
heated to high temperature and then cooled, and that 
diamond is not produced by bulk pressure as previously 
supposed, but by the action of the gases occluded in the 
metal and condensed into the centre on quick cooling. 

A list of about one- half of the experiments is given in 
the Appendix. 


In reply to a letter addressed to the Board of Trade on the 
subject of the above Order, the Registrar of the Institute 
of Chemistry has received the following answer 


April as* 1918. 


Sir, — With reference to your letter of April 5, on the 
sub : ect of the restriction on the consumption of gas and 
electricity imposed by the Lightirg, Heating, and Power 
Order, 19x8, I am directed by the Board of Trade to 
state that where consulting, analytical, research, and 
technological chemists and teachers and professors of 
chemistry are able to show that by reason of their pro- 
fessional needs, they have been unable to effect the 
economy prescribed by the Order, the Board will accept 
this as a sufficient explanation under Paragraph 14 of 
the Order, a copy of which is enclosed. — I am, Sir, your 


obedient Servant, 


(Signed) Herbert C. Honey. 


Paragraph 14 of the Order is at follows 
14. Proceedings for infringements of Part II. of this 
Order shall not be instituted except by or by the direction 
of the Board of Trade or the Attorney- General. Before 
instituting any proceedings the Board of Trade shall call 
upon the person affected to give an explanation of the 
apparent excessive consumption, and the Board shall con- 
sider any explanation offered. Provided that it shall be 
assum ed io any prosecution unless the contrary is proved, 
that such explanation was called for, and if offered con- 
sidered before such prosecution was instituted. 


PROCEEDINGS OF SOCIETIES- 


ROYAL SOCIETY. 

Ordinary Mating, Afrit 25, 1918. 

Sir J. J. Thomson, O.M., President, in the Chair. 

The Bakerian Lecture was delivered by the Hon. Sir 
Charles Parsons. K.C.B., F.R.S., on “Experiments on 
the Production of Diamond ." 

The paper alludes to some of the results of expert menu 
described in papers by the author to the Royal Society in 
1888 and 1907, more particularly to those on the decom- 
position by heat of carbon compounds under high pressure, 
and on the effect of applying pressure to iron during rapid 

cooling. , 

A description is given of experimenu designed to melt 
carbon under pressures up to 15,000 atmospheres by 
resistance beating, and by the sodden compression of 
acetylene oxygen flame, also by the firing of high velocity 
steel bulleu through incandescent carbon into a cavity in 

a block of steel. . . , 

Allusion is made to experiments on chemical reactions 
under high pressure and their results. The pressures 
occurring in rapidly cooled ingou of iron, and experimenu 


CHEMICAL SOCIETY. 

Ordinary Meeting, Afrit x8, 1918. 

Prof. W. J. Pope, C.B.E., F.R.S., President, 
in the Chair. 

The President referred to the loss sustained by the 
Society, through death, of the following Fellows : — 
Leonard Ison Pitt (killed in action, July 30, 1915) ; 
Edward Francis ; George Thomas Glover ; Henry James 
Helm ; William Joel Kemp ; Joseph Price Remington ; 
Alfred Gordon Salamon ; Edward Camming Thompson. 

It was announced that the following Committees for 
1918—19x9 had been appointed by the Council : — 

Finance Committee —Messrs. E. G. Hooper, G. T. 
Moody, Sir E. Thorpe, Sir William A. Tilden, and the 
Officers. 

House Committee — Messrs. R. Messel, J. E. Reynolds, 
Alexander Scott, J. M. Thomson, Sir William A. Tilden, 
and the Officers. 

Library Committee - Messrs. B. Dyer, W. G owl and, A. 
Harden, J. T. Hewitt, C. A. Keane, A. R. Ling, T. M. 
Lowry, J. M. Thomson (Chairman), Sir William A. 
Tilden, J. A. Voelcker (Editor), and the Officers. 

Publication Committee— Messrs. A. Chaston Chapman, 
A. Harden, T. A. Henry, C. A. Keane, G. T. Morgan, 
F. L. Pyman, Alexander Scott, J. F. Thorpe, and the 
Officers. 

Research Fund Committee — Messrs. E. C. C. Baly, 
F. H. Carr, D. L. Chapman, H. J. H. Fenton, F. S. 
Kipping, A. Lapworth, W. H. Perkin, Alexander Scott, 
J. F. Thorpe, W. P. Wynne, and the Officers. 

Messrs. M. Schlaepfer, H. A. Thomas, and W.D. Craddon 
were formally admitted Fellows of the Chemical Society. 

Certificates for election were read for the first time in 
favour of George Henry Rowland Barham, 74, Kensington 
Avenue, Manor Park, E. 12 ; Henry Aldous Bromley, 
The Willow, Cambridge Road, W. Wimbledon, S.W. iq ; 
Joseph William Bell, 130, Manchester Road, Burnley; 
Albert Eric Cashmore, 32, Vicarage Road, Smethwick, 
BO., Suffs. ; Hubert William Dailey, 19, Beverley Road, 
Anerley, S.E. ; Arthur Broughton Edge, Tudor House, 
Maidenhead ; Francis William FiuGerald, 128, Earlbam 
Grove, Forest Gate, E. 7 ; Nalini Mohan Gupta, M.Sc., 
Panposb, B.N. Railway, India ; Ernst J ohannes Hartong, 
M.Sc., 9. Glendearg Grove, Malvern, Melbourne, 
Australia; Ben Lockspeiser, M.A., 21, Thornby Road, 
Clapton, E. 5; Edgar Newbery, D. Sc., The University, 
Manchester ; Edward Cbuston Powell, 39, Lombard 
Street, E C. 3; Runar Ivar Olsson-Sefler, 1, Royal 
Exchange Place, Calcutta, India ; Alan Speedy, 8x, 
Borges Road, East Ham, E. 6; John Thomas, B.A., 
D.Sc., Solway Dyes Co., Humell Hill Works, Carlisle ; 
Hubert Charles Siegfried de Wballey, 18, Brandram 
Road, Lee, S.E. 13 ; william Whyte, 98, Kirkmanshulme 
Lane, Longsigbt, Manchester ; Samuel Walter Woolley, 
58, North Hill, Higbgate, N.6. 
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A certificate for election has been authorised by the 
Council for presentation to ballot under By-law I. (3) in 
favour of William Jay Hale, University of Michigan, Ann 
Arbor, Michigan. 

The first of the Hugo Muller Lectures was then 
delivered by Sir Henry Miers, F.R.S., who discoursed 
on “ The Old and the New Mineralogy .” A vote of thanks 
to Sir Henry Miers for his lecture was proposed by Prof. 
H. E. Armstrong and seconded by Sir William 
A. Tilden, acknowledgment being made by the 
Lecturer. 

Informal Meeting . — The next Informal Meeting of the 
Society will be held on Thursday, May 16, after the con- 
clusion of the formal business of the Ordinary Scientific 
Meeting to be held at 8 p.m. 

Research Fund. — A meeting of the Research Fund 
Committee will be held in June next. Applications for 
grants, to be made on forms which can be obtained from 
the Assistant Secretary, Chemical Society, Burlington 
House, W., must be received on or before Monday, 
June 3, igi8. 

All persons who received grants in June, 1917, or in 
June of any previous year, whose accounts have not been 
declared closed by the Council, are reminded that reports 
must be returned by Saturday, June 1, 1918. 

The Council wish to direct attention to the fact that 
the income arising from the donation of the Worshipful 
Company of Goldsmiths is to be more or less especially 
devoted to the encouragement of research in inorganic 
and metallurgical chemistry. Furthermore, that the 
income due to the sum accruing from the Perkin 
Memorial Fund is to be applied to investigations relating 
to problems connected with the coal-tar and allied 
industries. 

ROYAL INSTITUTION. 

Annual Meeting , May 1, 1918. 

Sir James Crichton-Browne, M.D., F.R.S., Treasurer, 
in the Chair. 

The Annual Report of the Commitee of Visitors for the 
year 1917, testifying to the continued prosperity and 
efficient management of the Institution, was read and 
adopted. 

The Report of the Davy Faraday Research Laboratory 
Committee was read. 

Twenty-three new Members were elected in 1917. Sixty- 
two Lectures and nineteen Evening Discourses were 
delivered in 1917. The books and pamphlets presented 
amounted to about 299 volumes, making with 513 volumes 
(including periodicals bound) purchased by the Managers, 
a total of 812 volumes added to the Library in the year. 

Thanks were voted to the President, Treasurer, and 
Secretary, to the Committees of Managers and Visitors, 
and to the Professors, for their valuable services to the 
Institution during the past year. 

The following gentlemen were unanimously elected as 
Officers for the ensuing year : — 

President— The Duke of Northumberland. 

Treasurer — Sir James Crichton-Browne. 

Secretary — Colonel E. H. Hills. 

Managers — H. E. Armstrong; Sii Wm. Phipson Beale, 
Bart. ; Sir James Mackenzie Davidson ; John A. Fleming ; 
Percy F. Frankland ; J. Dundas Grant ; Donald W. C. 
Hood; H. R. Kempe; the Right Hon. Lord Kmnaird ; 
Sir Charles Nicholson, Bart.; the Hon. R. C. Parsons; 
Edward B. Poulton ; J. Emerson Reynolds ; the Right 
Hon. Lord Rothschild ; the Right Hon. Lord Wrenbury. 

Visitors— K. A. Wolfe Barry ; Sir William H. Bennett ; 
John G. Bristow ; John F. Deacon ; Edward Dent ; Sir 
James J. Dobbie ; John A. W. Dollar; W. B. Gibbs; 
William H. Gow ; W. A. T. Hall owes ; Sir Alexander 
Pedler ; Hugh Munro Ross ; Joseph Shaw ; John Strain ; 
Sir Henry J. Wood. 


INSTITUTE OF CHEMISTRY. 

Extraordinary General Meeting , April 27, 1918. 

An Extraordinary General Meeting of the Institute of 
Chemistry was held at King’s College, London, on 
Saturday, April 27, to consider matters submitted to them 
by the Executive Committee of the proposed British 
Association of Chemists, having in view the desirability of 
effecting the more complete organisation of properly 
trained and competent chemists. 

The following resolutions were passed: — 

I. That it is desirable that the Council modify the 
existing requirements of the Institute, in order to 
include as many chemists as possible in the 
Membership (Associateship and Fellowship) of 
the Institute, so far as such a course is within 
the provisions of the Royal Charter of the 
Institute. 

II. That it is desirable that any Candidate who has 
complied with the following conditions be 
accepted as eligible to apply for admission to the 
Associateship of the Institute 

That be has attained the age of twenty-one years, and 
either— 

(a) That he has obtained a degree with first or 
second class honours in Chemistry (or other degree or 
diploma recognised by the Council as equivalent) 
after a three years’ systematic day course, and (i.) has 
taken a further year’s training in chemistry at a 
recognised University or College ; or (ii.) has had two 
other years’ approved experience (see Note) under a 
Bellow of the Institute or in a laboratory or works 
approved by the Council ; or 

(b) That he has obtained a degree with first or 
second class honours in Chemistry (or other degree or 
diploma recognised by the Council as equivalent) 
after a four years’ systematic day course ; or 

(c) That he has obtained a degree with first or 
second class honours in Chemistry after training (by 
day or evening classes), and experience equivalent in 
extent and character, in the opinion of the Council, to 
the training and experience specified in the two pre- 
ceding paragraphs ; 

Provided in every case that the Candidate has pro- 
duced satisfactory evidence of training and examina- 
tion in Physics, Mathematics, and an optional 
subject. r 

(Note. -One year may be accepted by the Council as 
sufficient where the approved experience in a laboratory or 
works has been acquired subsequently to the prescribed 
training in a recognised University or College). 

III. That, until December 31, 1921, it is desirable that 

any candidate who can produce evidence satis- 
factory to the Council of having had a sufficient 
general and scientific education, and of having 
practised pure and applied Chemistry for not less 
than seven years, and who holds a responsible 
position, should be accepted as eligible to apply 
for admission to the Associateship of the In- 
stitute, provided that be has complied with the 
provisions of the Charter of the Institute with 
regard to age, general education, and scientific 
training— in Chemistry, Physics, Mathematics, 
and an optional subject -and that he has passed 
approved examinations in those subjects. 
(NoTE.-In considering applications under this clause, 
the Council will expect candidates to produce evidence of 
having been trained and occupied in a manner which, in 
the opinion of the Council, is equivalent to fulfilling the 
conditions required of candidates admitted under II. a). 

IV. That Candidates who have not complied with the 

conditions specified under II. or III. immediately 
above, or with the regulations adopted as a tem- 
porary (War) measure, be required to comply 
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with the Regulation* adopted and published by 
the Council ui July, 1917. 

V. That it is desirable that the list of Institutions 

recognised by the Council for the training of 
chemists should be reconsidered with a view to 
its further extension. 

VI. That it is desirable that local sections of tbs In- 

stitute be formed in important centres where a 
Membership of not less tnan forty can be assured, 
the maio objects of such scctioos to be to main- 
tain the interest of the Members in the general 
welfare of their profession, and to promote social 
intercourse. 

VII. That it is desirable that steps be taken to revise the 
present system for the election of the Council, in 
order to give the general body of Members greater 
freedom of nomination and election, with a view 
to securing representation from different localities 
and from different branches of the profession. 

The Council will now proceed to modify the constitu- 
tion and Regulations of the Institute on the lines 
indicated. 

With regard to elections to the Fellowship, and 
elections to the Associatcship under the temporary (War) 
conditions, the Council will review its policy from year to 
year, immediately after the Annual General Meeting. 

It is the intention of the Council to maintain the 
requirements for Fellowship at a decidedly high level. 
Every Associate will be required to produce evidence that 
since bis admission, and for a period of three years there- 
from, he has been continuously engaged in the study and 
practice of chemistry in a manocr satisfactory to the 
Council, and that be has carried out original research of 
sufficient merit in the opinion of the Council, or that he 
has devised processes or inventions of sufficient merit in 
the opinion of the Council, or in special circumstances, 
that he is possessed of knowledge and ability equivalent, 
in the opinion of the Council, to having fulfilled the con- 
ditions specified above, otherwise an examination will be 
imposed. 

Provisional local sections are in course of formation at 
the following centres : —Edinburgh, Glasgow, Gretna, 
Liverpool, Manchester, North-East Coast, and Yorkshire, 
and rules for such sections have already been drafted. 

Committees will also be formed when necessary to re- 
present the interests of special branches of the profession, 
the provisions for the registration of students will be re- 
considered ; steps will be taken towards closer co-opera- 
tion between the work of the Institute and that of the 
universities and colleges ; the question of extending the 
publications of the Institute will be reviewed; further 
endeavours will be made to bring before the public the 
importance of chemistry to the country, and generally to 
forward the interest of chemists in every way possible. 


SOCIETY OF CHEMICAL INDUSTRY. 
(Birmingham and Midland Section). 
Thursday , April 18, 1918. 

Dr. R. S. Morrell in the Chair. 

The following paper was read and discussed : — 

M Th* Works Che mi it and His Rtlation to Buying ." 
By E. R. Canning (Birmmghsm). 

The author pointed out that in every trade psper at the 
present time one was constantly reading as to the pro- 
spective increased importance of the chemist in industry. 
It was foreshadowed, moreover, that in the period of 
reconstruction the chemist most take a much more im- 
portant position in industry than at the present time. He 
was satisfied that in manufacturing works of reasonable 
size the chemist was a teal asset by reason of the 
economies he could make and improvements he could 
effect. Complaints were often made that the chemist did 


not adapt himself to the commercial side of business. He 
believed there was some justification for the criticism. A 
chemist need not be a commercial man, but it was most 
desirable that be should familiarise himself with questions 
of administration and costs. Chemists, with full quali- 
fications, were frequently underpaid, and not sufficiently 
assertive so far as their financial interests were con- 
cerned. It was not always easy for a chemist to show to 
the management of works a financial return for his labours, 
but this could often be readily done if he co-operated with 
the buyer. The chemist needed to refer to formula: and 
chemical matters in language more easily understood by 
the lay mind in a works, aod, as a role, it was a disad- 
vantage to send out inquiries in their correct chemical 
descriptions instead of the common commercial names. 

It was the duty of the higher management in a works, 
said the author, to see that the closest co-operation existed 
between the chemist and those responsible for general 
administration. The chemist had many difficult and 
abstruse problems, and he should have authority when 
occasion required to invoke the aid of a chemical con- 
sultant. He was satisfied that in a large works buying 
could not be carried on without the co-operation of the 
chemist. Many business systems laid down that for 
various articles required six separate competitive prices 
must be obtained. Mistakes might easily be made in 
purchasing ; some articles seemed, on the surface, to show 
a price advantage ; but in practice, or on analytical 
examination, this did not prove the case. Works managers 
and foremen were apt to adopt a conservative attitude 
with regard to purchasing. A new article was not re- 
ported on any too favourably if there were a danger of it 
causing trouble to the foreman. Frequently, wiJiout the 
careful attention of the chemist new lines offered were not 
investigated except superficially, and undoubtedly many 
works suffered because of the difficulty of investigating 
new varieties and methods. There were on the market 
many proprietary articles of merit and offered at a 
reasonable price ; but there were others which were sold 
at a high price and out of proportion to their value. The 
chemist might exert a potent influence in dealing with the 
latter ; there was scope for economies. Improved 
methods of output and the standardising of quality of 
certain commodities required in manufacturing processes 
were matters that came within the domain of the chemist. 
As an instance, the author mentioned that in the metal 
trades aquafortis was largely used. The same quality was 
turned out, generally speaking, to treat all kinds of work 
— whether a casting, thin stamping, good quality brass, 
with a high percentage of copper, or a low grade brass. 
There was room for investigation as to the qualities that 
should be used for different classes of metal. A system 
»hould be adopted to see that aquafortis was properly used 
out before a fresh lot was started upon. As to the use 
of sulphuric acid, it might be well to determine the amount 
of acid that should be used to a certain tonnage of tubing. 
The pickier on piecework should be prevented from using 
an excess of acid to get his work out. in the buying of 
glue, prussiate, soft soap, and oils the expert advice ol the 
chemist might be invaluable. 

Discussion. 

The Chairman said in tbe purchasing of raw products 
the works chemist might be able to be of great assistance. 
It would be better if the works manager or foreman knew 
a little of chemistry, for he would then be able better to 
appreciate the value of the advice given by the chemist in 
relation to works processes. As to buying, it seemed 
desirable that chemists should be able rapidly to deter- 
mine tbe quality of a substance that was offered for sale 
to a firm. Sometimes tbe option was of very short 
duration. If tbe information required was not speedily 
forthcoming tbe firm would say, “ What is the use of 
having a chemist ? ” 

Mr. G. H. Howse (Smethwick) suggested that where a 
works possessed a capable chemist it ought not, as a role, 
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to be' necessary to buy proprietary articles. Owing to the 
suspected waste of nitric acid for dipping, pickling, &c., in 
the brass trade the Ministry of Munitions were investi- 
gating as to what should be the effective strengths of acids 
for such work. 

Mr. E. W. Smith (Birmingham Gas Department) said 
while it was desirable that works managers and foremen 
should have more chemical knowledge it was important 
that they, as chemists, should put their own house in order 
with regard to the junior chemists. It was quite out of 
the question to expect comparatively simple research work 
from them— the unfortunate tendency bad been to make 
appointments on the basis of what appeared to be cheapness 
— and it was of the first importance that chemists and 
manufacturers should do all they could for the better 
training of junior chemists by allowing them time off for 
definite systematic study. 

Mr. Fred C. A. H. Lantsberry (Birmingham Small 
Anns Co.) said if too much commercial knowledge were 
required from the works chemist the effect might be to 
prejudice the value of his effort in his proper sphere. 
Many men, in works laboratories, were not really chemists, 
and were unable to carry out rapid and reliable tests in 
relation to all sorts of works processes, &c. Further 
training was necessary. No difficulty should be ex- 
perienced by the tactful chemist in working harmoniously 
with the works foremen ; the latter's antagonism was not 
altogether surprising in view of the fact that the arrival of the 
works chemist often meant the beginning of a new regime. 

Mr. F. R. O’Shaughnessy (Birmingham Tame and 
Rea Drainage Board) said rapid analysis by the chemist 
was often very necessary to meet the requirements of the 
commercial departments in relation to buying. The 
Midland industrial community did not sufficiently value 
the chemist, and the result was that there was much acid 
waste, in the sewers, from factories. A few years ago in 
the Birmingham district nitric acid was present in relatively 
large quantities, and there were hundreds of tons of sewage 
deposit containing 2& per cent of copper. The position 
has since improved. 

Mr. T. F. E. Rhbad (Birmingham Gas Department) 
suggested that with the question of costs, in relation to 
materials used and to the working of plant, the chemist 
should be familiar. 

Mr. F. H. Alcock (Birmingham) urged that a chemist 
was entitled to a portion of the profits his brains created ; 
but frequently the chemist was not remunerated by his 
firm for big financial gains he had introduced. 

In reply, Mr. Canning said it was clear that if com- 
petition were successfully to be met after the war there 
must be a closer co-operation of science and industry. 
Many firms would spend money wisely by occasionally 
consulting chemists who specialised. 

SOCIETY OF GLASS TECHNOLOGY. 

Annual General Meeting , April 17, 1918. 

Mr. Frank Wood, President, in the Chair. 

After the presentation of the Annual Report of the 
Society and the balance sheet, the election of Officers for 
the forthcoming Session took place. 

Mr. Wood then gave his Presidential Address. He 
began by reviewing the state of the glass industry at 
present as compared with its pre-war condition. The 
industry could be divided into eight important manu- 
facturing sections, namely:— (1) Table and decorative 
ware, (2) plate and window glass, (3) optical glass, (4) 
chemical and scientific ware, (5) electric bulbs, &c., (6) 
pressed ware, (7) common glass bottles and jars, (8) flint 
glass bottles and jars. In a brief review of the outlook in 
each particular section, the following remarks were out- 
standing : — In the table and decorative glass trade the 
British were supreme in pre-war days in quality of produc 
tion, but owing to unfair competition and cheap labour 


abroad the output was almost negligible. The present 
shortage of labour was a severe handicap to this trade, 
but given three years of freedom of action and pro- 
tected by a strong tariff, the table and decorative glass 
ware manufacturer would be in a strong unassailable 
position. 

The plate and window glass trade has been well main- 
tained during the war, and is developing. The position 
as to optical glass is hopeful, and care should be taken 
that the country is never again dependent upon supplies 
from abroad. The highly important branch of chemical 
and scientific glass ware was non-existent in this country 
before the war. The country was too indolent to realise 
its importance, and as Germany and Austria produced 
cheaply and well they ruled the markets. Now this type 
of glass ware can be produced in this country in bulk, and 
equal in standard to the best German, and protection is 
necessary to preserve this trade. The production of 
electric bulbs has developed enormously during the war, 
and the same may be said of pressed glass ware. Both 
branches need protection. 

By far the largest section of the glass industry is the 
production of common glass bottles and jars. Manu- 
facturers have risen to the occasion, and the help of im- 
proved machinery has supplemented output. The signs 
in this branch of the glass trade are very healthy. The 
same may be said for the flint glass and jar section. 

The President then went on to appeal for united action 
in each section, both amongst masters and men. Each 
trade section should organise itself, and then federate with 
the other sections, so that the weaker sections would have 
the help of the larger. It would be a great disaster if 
small sections were neglected. The industry as a whole 
appreciated the assistance of the department of optical 
and glass ware munitions, and also of the Board of 
Trade, and this assistance would be of even greater value 
and more certain support would be given if all the 
sections were united. 

After pointing out the valuable assistance rendered by 
the Glass Technology Department of the University of 
Sheffield to the glass trade, and after voicing a warm 
eulogy of Dr. W. E. S. Turner, the President stated that 
he had every confidence in the future of the glass industry. 
After a sleep of fifty years, broken at times by many bad 
dreams, it had at last awakened. 

The next portion of the Address dealt with the needs of 
the glass industry as regards raw materials. Data had 
been gathered and was placed before the meeting by 
means of lantern-slides, showing the amount of each raw 
material used per annum in the industry. At the same 
time the purity of materials was discussed. The concluding 
portion of the Address was a valuable contribution to the 
study of devitrification in glass. As is well known, tank 
furnaces are subject to devitrification on a large scale, this 
devitrification being known as u dogging.” The formation 
of “ dog ” in reason is good, as it serves to protect the 
tank bottom. 11 Dog” in excess is very bad, as it gives 
rise to many difficulties and causes losses in output. The 
two best methods of preventing the formation of “ dog,” 
which is chiefly calcium silicate, are — (1) to increase the 
proportion of alkali in the batch, (2) to increase the pro- 
portion of alumina. The second method is to be preferred, 
as an increase of alkali means an increased attack on the 
sides and roof of the tank and also the formation of a lets 
durable glass. The addition of alumina not only helps to 
prevent 11 dogging,” but it means less attack on the tank 
walls and the production of a more durable tougher glass. 
For dark bottle glass sufficient alumina may be added by 
mixing with every 100 parts of batch from 5 to 6 parts of 
ground red brick. For light green bottle glass ground 
felspar should be substituted for the brick. Specimens of 
glass, melted by Miss A. M. Jackson, B.Sc., were shown 
to indicate the beneficial effect of felspar on bottle glass. 

The President closed with an expression of thanks to the 
authorities of the University of Sheffield for their kindness 
and courtesy to the Society. 
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Mr. G. V. Wilson, B.Sc., F.G.S., then resd s paper 
entitled “Notts on the Formation of certain Rock-forming 
Minerals in and about a Glass Furnace." 

The paper was one of the moat important ever read 
before the Society, and many of the remits when applied 
in works practice will be of vital importance. By means 
of a large number of slides the author showed the forma* 
tion of various types of crystals in glass. He then went 
on to deal with questions of the effect of heat ooon 
glass, pots, and furnace blocks, and showed by a wonder* 
ful collection of slides and diagrams the varied effect of 
the different constituents of fire-clays upon the life and 
durability of a glass pot or tank. 

A full discussion of the various changes which take place 
was given, and parallels with natural processes were drawn. 
A set of microscopic slides and a numerous collection of 
specimens enhanced the value of the lecture, which was 
followed by an animated discussion. 

The next meeting of the Society will be held on May 15 
in London. 


CORRESPONDENCE. 


SILICA BRICKS. 

To the Editor of the Chemical News . 

Sib,— In reply to your correspondent, E. L. B., in the 
Chemical News (vol. xvii., p. 157). I beg to say that I 
know of no authoritative work such as that for which be 
enquires, but if he should care to communicate with me 
personally I should be glad to supply him with such in- 
formation as lay in my power. 

In the event of his doing this, would he be explicit as 
to the kind of tesU required ?— I am, Ac., 

John Jackson Grover, 

Works Chemist, Fire-brick Works (M.G.). 

f4, South Rosd, Stourbridge, 

April 23* 1918- 


THE ASSOCIATION OF BRITISH CHEMICAL 
MAN UFACT U RERS. 

To the Editor of the Chemical News. 

Sir, — The attention of my Council has been called to a 
certain misapprehension which exists in the minds of the 
public as to the body entitled to speak on behalf of the 
chemical manufacturers of the United Kingdom. In this 
connection 1 would call attention to a paragraph in the 
Report of the Committee appointed by the Minister of 
Reconstruction to advise as to the procedure which should 
be adopted for dealing with the chemical trade, which 
reads as follows : — 

m we are, however, of opinion that the Association of 
British Chemical Manuf actor tt\ is the moat representa- 
tive Association of the Chemical Trade at present in 
existence in this country, and that it does, generally 
speaking, represent the trade as a whole." 

The address of the Association of Biitisb Chemical 

Manufacturers is 166, Piccadilly, W. 1. 

Thanking you for giving publicity to this letter.— I 

ftm * * C# ' G. Mount, Secretary. 

166, Piccadilly, London, W. 1, 

April 26, 1918. 


Paper Shortage.— Owing to the great and growing 
shortage of paper the public are requested to exercise the 
greatest economy, particularly in the matter of stationery. 
Much of the notepaper now in use is extravagant in sise 
and quality. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 

Comftes Rendus Hebdomadaires des Stances de VAcadhnie 

des Sciences. Vol. clxvi.. No. 2, January 14, 1918. 

Action of Hydrobromic Acid upon Cinchonine and 
its Isomers, Clnchoniline, Cinchonigine, and 
Apocinchonine.— E. Lfcger.— Shraup has shown that 
when HBr acts on cinchonine the substance 
Ci 9 Ha 3 BrNa0.2HBr is obtained. The author has further 
investigated this reaction, and also the action of HBr 
upon the isomers of cinchonine, and finds that two 
phenomena usually occur:— (i.) Addition of HBr. If, 
however, the four bases examined give the same compound 
with cinchonigine and apocinchonine another base, dif- 
fering from bydrobromocinchonine is simultaneously pro- 
duced ; he suggests for it the name hydrobromoapo- 
cinchonine. (ii.) HBr also produces phenomena of 
somerisation. 

No. 3, January 21, 1918. 

New Preparation of the Fatty Nitriles by Catalysis. 
—Alphonse Mailhe.— The author has recently shown that 
very good yields of aromatic nitriles can be obtained by 
the direct action of gaseous ammonia upon the ether salts 
of acrylic acids in presence of a catalyst, such as thoria 
heated to a tempeiature of 470 — 480°. Precipitated 
alumina gives the same result, and it has now been found 
that the method can be applied to the preparation of the 
aliphatic nitriles. The author gives the details of the pre- 
paration and yields of isovaleromtrile, butyronitrile, and 
propionitrile. 

No. 4, January 28, 1918. 

Action of Methylene Iodide upon 1. 4-Dimethyl - 
aminopentene. — Amand Valeur and Emile Luce. — 
When a slight excess of methylene iodide acts at the 
temperature of the laboratory upon 1.4-dimetbylamino* 
pentene the product has the empirical formula 
C8H X7 NI a . It behaves like an iodide of quaternary 
ammonium, and its structursl formula appears to be 
CHa — CH.(CHa)3*N(CH 3 )i CHaI.I. Thus a closed ring 
is not formed as is the case with iodine, but the methylene 
iodide adds itself on to the nitrogen, as with methyl 
iodids. 


MISCELLANEOUS. 

Royal Institution.— The Friday Discourse on May 17 
will be delivered by Dr. A. B. Rendle, M.A., D.Sc., 
F.R.S., at 5.30 o'clock ; the subject will be 11 The Story 
of a Grass." 

The Lord Roberts Memorial Fund for Disabled 
Soldiers and Sailors. — (Patrons: H.M. the King and 
H.M. the Queen. President: Her Royal Highness the 
Princess Christian. Hon. Treasurer : Rt. Hon. Sir 
Frederick Milner, Bart., P.C. Organising Secretary, 
Extension Fund: J. G. Ketchen). — The Lord Roberts 
Memorial Workshops, situated in London and the pro- 
vinces, are giving permanent employment to nearly 1200 
men, disabled in the war by loss of limbs or wounds. The 
demand for greater provision for the increasing number of 
wounded, able and willing to undertake work, becomes 
more and more urgent ; hence the inauguration of the 
Extension Fund for providing new buildings and plant. 
To help this fond a special appeal will be made in London 
and the suburbs during the week May 20 to 28, at hotels, 
shops, works, Ac. No flags will be sold, nor will the 
collection be made in the streets, but the public will have 
the chance of filling model “Tanks" (made by the men in 
the workshops) with coins of the realm to aid this pressing, 
indeed imperative, work. Realising what these men have 
given op and suffered for us, should we not do all in on 
power to alleviate their sufferings and show our gratitude 
for their heroism ? 
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Advertisements, 


'J'O comply with Regulation 8 (b) of the Defence ot the Realm 
Act, advertisements from firms whose business consists 
wholly or mainly in Engineering, Shipbuilding, or the production 
of Munitions of War, or of substances required for the production 
thereof, must include the words " No person resident more than 
ten miles away or already engaged on Government work will be 
engaged." 


r'hemical Laboratory Assistants (Lady) are 

required at a Gunpowder Factory. Applicants must have had a 
good education, including training in Elementary Science.— Address, 
“ Superintendent,” care of James Willing, Ltd., 125, Strand, London, 
WC.2. 


f^hemist, Male or Female, wanted to carry out 

^ Will Test in Factory near Southampton. — Write, stating age, 
experience, and salary required, to Box 99, care of Judd’s, 97, Gresham 
Street, E.C. 2. 


T ady Assistant Chemist (wanted in Rugby 

district) who has passed either Inter. B.Sc., full B Sc., or Inter. 


A. I C. Examination ; Organic and Inorganic Analytical Work Or- 
ganic includes large variety of Insulating and Electrical Engineering 
materials. Opportunity for progressive experience. Several Lady 
Chemists employed No person already on Government work will be 
engaged — Apply, giving training, copies of testimonials, to your 
nearest Employment Exchange, quoting No. A 5221. 


Vf etallurgical Chemist for Controlled Works 

1 VA on North East Coast, with sound knowledge of the Ana- 
lysis of Copper Alloys. Must have had experience with quick 
Electrolytic Methods of Ana’ysis. The vacancy offers excellent post- 
war prospects to areally live man who is not afraid of work No 
applicant will be considered under twenty-four yerrs of age. — Write, 
giving full particulars of experience, stating age and salary required, 
to the nearest Employment Exchange, mentioning the Chemical 
News and No. A 5151. No one at present on Government work need 

•ppiy- 

M en or Women Chemists, with University 

training or its equivalent, wanted as Assistant Laboratory 
Chemists at an Explosives Factory. Apply in writing.— Address, 
“Chief Chemist,” Chemical News Office, 16, Newcastle Street Far- 
ringdon Street, London, E.C. 4. 


\A7anted, Assistant Assayer and Analytical 

VV Chemist for London Laboratory. State age and salary re 
quired.— Write, “ Metal,” care of Street's, 30, Cornhill, E.C. 3. 


\A7anted, two or three Junior Lady Assistant 

V V Chemists for an Oil Laboratory. State qualifications and 
salary required to Box “ Lady Chemist,” care of Advertisement Depart- 
ment. Central News, Ltd., 5, New Bridge Street, E C. 4. 


XATorks Analytical Chemist required. One 

V V conversant with Soap Manufacture, Nicotine Extraction^, and 
Agricultural and Horticultural Preparations. Slate full particulars 
and salary required.— Address, W. A , Chemical News Office, 16, 
Newcastle Street, Farringdon Street, London, E.C. 4. 


\A70MEN CHEMISTS, with University 

VV training or its equivalent, requited for ANALYTICAL 
WORK at salary of £ 1 75 per annum, in Government Department in 
South of England. Previous experience in Technical Analysis not 
necessary. Annual and sick leave allowed. Other women chemists 
employed. Salary to be increased to £zoo per annum at end t six 
months if services found to be satisfactory. — Address, C \V , 
Chemical News Office, 16. Newcastle Street, Farringdon Street, 
London, E.C. 4. 


ST. DUNSTAN’S COLLEGE, CATFORD, S.E. 
\ A/anted at once for this College, a JUNIOR 

VV LABORATORY ASSISTANT, male or female. Work : to 
have charge of Chemical and Physical Apparatus and to prepare 
Experiments; some knowledge of Chemistry and Physics is essential. 
Salary according to experience.— Apply to C. M. Stuart, Head 
master. 


TOOTAL BR0ADHUR8T LER COMPANY, LIMITED 

A Woman Graduate in Science is required for 

the Research Department, to prepare Abstracts of Records of 
Laboratory Work, to have charge of the Library, and carry out the 
clerical and confidential duties of Secretary to the Department.— Ap 
plications, stating salary required, and giving qualifications, testi 
monials, and references, should be addressed to " Dept. A. R., ’ 56, 
Oxford Street, Manchester. 
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No. 3 S.B. (Codeword 41 Accent”). 

BEAM, 6$ inches; CAPACITY, SOO firms.; 
SENSITIVENESS, 0-1 mfirm. 


L. OERTLING TUBWMILl street, 

Wfc.II I LONDON E.C. 1 . 


MACMILLAN’S 

NEW BOOKS ON CHEMISTRY. 


THE MANUFACTURE OF 

INTERMEDIATE PRODUCTS FOR DYES. 

B y JOHN CANNELL CAIN, D.Sc. (Manchester), Editor of 
the Journal of the Chemical Society ; Examiner in Coal-tar 
Colouring Matters to the City and Guilds of London Insti- 
tute ; sometime Member of the Technical Committee, British 
Dyes Ltd. With 25 Illustration?. 8vo. 10 s. net. 

A TEXT-BOOK of THERMO-CHEMISTRY and 

THRriNO DYNAMICS By Professor OTTO SACKUR, 
Ph.D. Translated and Revised by G. E. Gibson, Ph D 
8vo. 12s. net. 

SA 7 U RE.— “ The book itself is an exceedingly lucid exposition 
of the principles of thermodynamics, specially adapted for the 
needs of the chemist. In addition to covering the ground which 
we now regard as classical, it introduces us to those newer ideas 
which mark some of the more recent advances in physical chemis- 
try. The problem of chemical affinity, which is all-important for 
chemical operations, is particularly well done. ... It only 
remains to add that Dr. Gibson's translation is thoroughly 
satisfactory.” 


A CLASS-BOOK of ORGANIC CHEMISTRY. By 

J B COHEN, Ph.O., B.Sc., F.R.S., Professor of Organic 
Chemistry, the University, Leeds. Globe bvo. 4s. 6d 
THE PHCENIX.—" The prime object of this book is for the 
use of senior science students in schools and for first year medical 
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THE PREPARATION OF INORGANIC 
STAN NICH LORI DES. 

By J. G. V. DRUCK, B Sc 

Ai. 1 hough some double salts of tin have been known fot 
a long time, very little systematic work has been done on 
them. It therefore seemed desirable to prepare and 
examine a series of atannichlorides of univalent and 
bivalent metals. The preparation of moat of the possible 
ones has been carried out by passing chlorine into solu- 
tions containing the metal chloride and stannous chloride. 

In most cases it was found possible to vary the propor- 
tions of the two chlorides, but the most satisfactory 
results have been obtained by employing the quantities 
demanded by the general formukc M^SnClt or M'SnClu. 

Attempts have also been made to isolate the metal 
stannocbloride first, but success in this direction has only 
been attained with magnesium, zinc, potassium, and am- 
monium. Magnesium and zinc stannochlorides were ob- 
tained anhydrous, whilst the potassium and ammonium 
compounds possessed two molecules of water of crystal- 
lisation. When these stannochlorides were dissolved in 
dilute hydrochloric acid and left exposed to the air, they 
oxidised more or less readily but not completely, for after 
several weeks the solutions gave a precipitate with mercuric 
chloride solution, indicating the presence of some stannous 
chloride. 

Of the alkali stannichlorides the lithium salt appears to 
possess eight molecules of water of crystallisation. Von 
Biron ( Journ . Russ. Phys. Chtm. Sue ., 1904, xxxvi.. 489) 
gives L'iSnClo-bHjO. and Chassex ant (Ann. Chim. Phys., 
1893, vv\ . , 5) gives Li^SnC r, hHjO. The hygroscopic 
nature of many stannichlorides renders their isolation and 
purification somewhat difficult. 

Sodium stannichloride was first prepared by Roller bv 
dissolving sodium chloride in a concentrated solution of 
stannic chloride (Dingl. Poly. "foum.. 18^7, clxxxvi.. jb) 
From bis analyses he assigned the compound five molecules 
of water of crystallisation. The compound prepared by 
the new method is found to be identical with that obtained 


in the way he describes, but baa six molecules of water 
of crystallisation. 

The potassium, rubidium, and ammonium salts are all 
anhydrous, and are also quite stable in air and do not 
deliquesce. 

The alkaline earth stannichlorides were difficult to 
isolate in a state of purity on account of their strong 
tendency to deliquesce. This is most developed in the 
case of the barium salt, which was never obtained pure in 
spite of repeated attempts to isolate it ; discordant 
analytical results were obtained on the material used. 
Von Biron (loc.cit.) mentions that it could not be obtained 
from stannic chloride and barium chloride. The strontium 
salt was less deliquescent than the calcium salt and had 
four molecules of water of crystallisation, whereas the 
calcium salt was only isolated in the anhydrous condition. 

The stan icblorides of magnesium, zinc, cobalt, snd 
nickel had all six molecules of water to one of the salt. 
Cadmium stannichloride was only obtained in the 
anhydrous condition. 

It was not found possible to prepare the stannichlorides 
of copper or lead by this method. 

In estimating the percentages of the elements present in 
each salt standard analytical methods were followed 
except in the case of the alkali salts. Here it was desir 
able to recover the lithium and rubidium in the form of 
chlorides for future preparations. In these cases a 
slightly acid solution of the stannichloride (0 2 to 0 5 grm.) 
in about 60 cc. was ssturated with sulphuretted hydrogen 
and allowed to stand for about an hour. The precipitate 
of stannic sulphide was filtered off, and when the filtrate 
was free from tm it was evaporated carefully to dryness 
in a small porcelain basin on a water-bath and then care- 
fully healed below red heat for half-an*hour. The basin 
was cooled in a desiccator over sulphuric acid and 
weighed. 

Nickel and cobalt* were estimated clectrolytically after 
the tin had been removed from solution as sulphide. 

When those stannichlorides containing water of crystal- 
lisation were heated above ioo fJ C. they lost in weight. If 
the temperature be raised much above 100" some hydro- 
chloric acid accompanies the water driven off. Hence it 
seemed doubtful whether the water content of the salts 
could be accurately determined by heating in a steam 
oven. 

Lithium Stannic Lluridt, LLSnCl<3.iJH jO. — Lithium 
chloride (212 grms.) and stannous chloride (5 O5 ginis.) 
were dissolved tc a clear solution in 30 cc. ot dilute hydro- 
chloric acid (1 part of concentrated acid to 3 parts of 
water). The solution was concentrated, but crystallisa 
lion did not take place on cooling and standing over- 
night. The hygroscopic solid which was ultimately 
obtained was found to be a mixture containing stannous 
tin (since it gave a precipitate with mercuric chloride solu- 
tion), and much stannic tin (since the precipitate obtained 
on passing hydrogen suphide into the solution was 
decidedly yellow). Further experiments were made, but 
no stannous double salt has been prepared. 

The bulk of the solid from the above experiment was 
redissolved in 30 cc. of dilute h>drochloric acid and 
chlorine gas win pissed in until a drop of the solution no 
longer gave a precipitate with mercuric chloiide. The 
solution was concentrated to about 20 cc. and placed in 
a desiccator over solid potash and calcium chloride. The 
crystals which separated out over night were rapidly 
filtered oil, drained, and dried on a porous tile in an empty 
desiccator. 

This salt was found to be deliquescent and exceedingly 
soluble in water. On exposure to air the crystals first 
became opaque, and then rh»* I thium chloride set free 
attracted moisture and the mass I quctv d. I he aqueous 
solution was not readily hvdi >l>^cd c\:tpl by Toiling for 
some minute:*. On analysis 

i» .M'St gf»>- R* vc o oM° gftn. SnOi , Sn - - 1 » f ’ P cr cent. 
O' aus t ♦« O opj s »» I -iLl ; I i *■ .I 'M .• 

01905 „ m o J-! 01 »» AgCi; U - 4 y .y* •» 
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Li 2 SnCl6.8H 2 0 requires- 

- 

Li 

2*85 

3n 


Cl 


H a O . . . . 

2915 


100*00 

Li 2 SnC?6 6H a O requircs- 

- 

Li 


Sn 

26*24 

Cl 

46-78 

h 2 o .. .. 

23-89 


100*00 

Sodium Stannic hlor id * , 

Na 2 SnCl6-6H 2 0. — Ii 


found possible to prepare sodium siannochloride by dis- 
solving sodium and stannous chlorides in dilute hydro- 
chloric acid and allowing the solution to crystallise. In- 
variably sodium chloride separated out first. When the 
mother-liquor was concentrated, more salt separated until 
finally there remained a solution of stannous chloride 
containing very little sodium chlotide and some stannic 
chloride. 

The stannicbloride was obtained by dissolving n 7 
grins, of sodium chloride and 22*6 grms. oi stannous 
chloride in 200 cc. of dilute hydrochloric acid. Chlorine 
was slowly passed in during four hours, and then the 
solution no longer contained stannous tin. The 
filtered solution was slowly concentrated and allowed to 
crystallise over-night. The crystals were filtered off, 
drained, and dried on a porous tile in an empty desiccator. 
The salt was slightly deliquescent, becoming damp on 
txposure to the atmosphere. It was somewhat more 
readily hydrolysed in aqueous solution than lithium stanni- 
cbloride, but less so than the potassium salt. On 
analysis : — 

0 535° gun. g avc 0*1607 grm. SnO a ; Sn = 23 65 per cent. 


05501 

0*2697 


NaCl; Na - 972 


„ o*477i » 

AgCl ; Cl - 4375 

6.6H 2 0 requires — 


Na 

.. .. = 9 *4» 

Sn 

.. .. ^ 24-45 

Cl 

.. .. - 43 81 

h 2 o 

.. .. ■> 22*26 


100*00 


Potassium Siannochloride , K 2 SnCl 4 .2H 2 0. — This salt 
was prepared by dissolving 7-5 grms. of potassium chloride 
and ii'3 grins, of stannous chloride in 100 cc. of dilute 
hydrochloric acid. The solution was concentrated on a 
water-bath and on cooling deposited large white opaque 
crystals. These were collected and dried. Potassium 
stannocbloride did not dissolve in water to a clear solu- 
tion, but was immediately hydrolysed, the liquid becoming 
very turbid. Tbe salt dissolved readily and completely in 
dilute hydrochloric acid. It did not deliquesce on exposure. 
On analysis ; — 

Percent. 

1*0339 grm. gave 0*4777 gtm. K 2 S0 4 ; K -20 72 
10339 m » 0*4141 „ Sn0 2 *, Sn =3158 

o*3877 » » 0*5934 AgCl; Cl -37*89 

±‘0339 M lost at 105° 00993 „ H 2 0; H 2 0 - 960 


K2SnO4.2H.iO requires 

K 

Sn 

Cl 

H a 0 


99*79 


0*6608 grm 

gave 0*2853 grm. 

K 2 S0 4 ; 

K 

-1925 

0*5883 „ 

11 

0*2159 „ 

Sn0 2 ; 

Sn 

= 28*69 

0*5033 M 

M 

1*0569 ,, 

AgCl; 

Cl 

=51*99 






99*93 

K 2 SnCl6 

rt quires — 





K 


. . 

— 

19*20 


Sn 

. . . . r . 

. . 

= 

28*74 


Cl 


.. .. 

- 

52*06 





100*00 


Potassium Stannic hlor id * , K 2 SnC’6. — This salt can be 
conveniently prepared from tbe above stannocbloride and 
also from solutions of the two metal chlorides by chlorin- 
ation. In one experiment 3 75 grms. of potassium chloride 
and 5*65 grms. of stannous chloride were dissolved in 80 cc. 
of dilute hydrochloric acid, and chlorine was passed in for 
two and a-half hours. Tbe solution was then con- 
centrated on a warm water-bath, and on cooling over- 
night deposited crystals which were filtered off, drained, 
and dried on a porous plate. The salt dissolved retdily 
in cold water, but hydrolysed on warmiog, and also on 
standing, even below 20° C. A clear solution was always 
obtained when the salt was dissolved in dilute hydro- 
chloric acid. Potassium stannicbloride was quite stable 
in air and did not deliquesce. On analysis : — 


Rubidium Stannic hlor id* , Rb 2 SnCl6.— A pure specimen 
of rubidium stannocbloride was not obtained. 

The stannicbloride was prepared by dissolving 3*61 
grms. of rubidium chloride and 3 39 grms. of stannous 
chloride in 50 cc. of dilute hydrochloric acid. The liquid 
became clear on warming. Chlorine was passed in until 
the solution no longer gave the test for stannous tin with 
mercuric chloride. Tbe solution was then carefully con- 
centrated, and on cooling deposited a mass of small 
crystals, which were filtered off, drained, and dried 
between sheets of bibulous paper. Tbe salt dissolved 
easily in water, but the solution became cloudy unless 
hydrochloric acid was added to retard hydrolysis. The 
fine crystals did not deliquesce in the air. On analysis : — 

0*4278 grm. gave 0*2108 grm. RbCl ; Rb «= 34*82 per cent. 

0*4278 „ „ 01294 » Sn0 2 ; Sn = 23*83 ,, 

0*1209 „ „ 0*2182 „ AgCl; Cl * 42*66 


Rb 2 Snde requires — 
Rb . . 

Sn . . 

Cl . . 


101*31 

.. .. = 3402 

.. .. - 23 63 

.. .. = 4 2 *35 

ioo'oo 

Ammonium Stannochloride t (NH 4 ) 2 SnCl4.2H 2 0. — 
Stannous chloride (11*3 grms.) and ammonium chloride 
(5*35 grms.) were dissolved to a clear solution in 70 cc. of 
dilute hydrochloric acid by warming. This solution was 
allowed to cool slowly, and deposited large white crystals, 
which were filtered off and dried between sheets of bibulous 
paper. Tbe crystals were easily fractured, and on heating 
lost water above xoo° and were further decomposed at 
265° without melting. They dissolved readily in water, 
the solution becoming turbid on warming. As in tbe case 
of tbe corresponding potassium salt, solutions showed tbe 
usual reactions associated with stannous compounds. 
On analysis : — 

0*4643 grm. gave 0*2083 grm. Sn0 2 ; Sn = 35*34 per cent. 
0*2828 „ „ 0*4878 „ AgCl ; Cl * 42*68 „ 

(NH 4 ) 2 SnCI 4 .2H 2 0 requires — 

(NH 4 ) = 10S5 

Sn = 35*68 

Cl = 42*64 

H 2 0 = 10*83 


9 
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Ammonium S tannic hloridc, (NH^SiC’g- — S ix grms. of 
ammonium stannochloride were dissolv-td in 20 cc. ot 
dilute hydrochloric acid, and chlotine water was run in 
Irotn a burette until all the tin was in the stannic state. 
For this purpose 85 cc. of the chlorine water used were 
required. The solution was carefully concentrated, and 
on standing deposited fairly large octahedral crystals ot 
the stannichloride. This salt resembled the potassium 
salt in appearance and properties. Dilute aqueous solo 
lions decomposed on standing more readily than con- 
centrated ones. On analysis : — 

03718 gtm. g* ve 0**526 grm. SnO a ; Sn — 32 34 per cent. 
0 *231 „ „ 0 9925 „ AgCl ; Cl * 58 01 

(NII 4 ) 2 SnClG requires — 

(NH 4 ) - 982 

Sn * 32*30 

Cl — 57-88 


I (XVOO 

Calcium Stannichloride , CaSiClr, — No double salt of 
stannous and calcium chlorides was isolated. To prepare 
the stannichloride 5 grms. of stannous chloride and of 
calcium chloride were dissolved by warming with 80 cc. 
of dilute hydrochloric acid, chlorine was passed in until 
the liquid no longer contained stannous tin. The solution 
was then slowly concentrated to about 30 cc., but crystal- 
lisation did not occur. Crystals were ultimately obtained 
by placing the concentrated solution in a desiccator over 
calcium chloride and caustic potash. The salt was very 
deliquescent and was only obtained free from absorbed 
water by being kept for several days on a porous plate in 
a desiccator over sulphuric acid. 

This hygroscopic character of the substance was 
attributed at hist to the presence of admixed calcium 
chloride ; but when excess of stannous chloride was used 
in the preparation the tendency to deliquesce did no: seem 
to diminish, and thus it appears to be a property of the 
stannichloride. This view is supported by the fact that 
the analytical figures indicate a fairly pure compound. 

Moreover, concentrated solutions which might contain 
barium stannichloride attract moisture with great avidity. 
When chlorine was passed into solutions containing 
barium and stannous chlorides until the latter was com- 
pletely oxidised, concentration and subsequent cooling 
did not lead to the deposition of crystals. On one 
occasion, after a concentrated solution had remained over- 
night in a desiccator with sulphuric acid, some long colour 
less prisms appeared. However, they began to deliquesce 
immediately whilst being filtered off from the mother 
liquor, and could not be satisfactorily dried on a porous 
plate in a desiccator. 

Aqueous solutions of calcium stannichloride did not 
hydrolyse onless they were boiled for some minutes. On 
analysis : — 


07048 grm. gave 0-2014 grm. CaCO-, 

; Ca* 11*43 per cent. 

1*0449 „ „ 0 4058 „ SnOi ; 

Sn-3061 „ 

0 3940 m .» 0-9113 „ AgCl ; 

Cl-5722 „ 


99 26 

CaSnClG requires— 


Ca 

- 1079 

Sn 

- 3**95 

Cl 

- 57 26 


100-00 


Strontium Stannichloride , SrSnG6.4H.1O. — Several un- 
toccessful experiments were made with the object of 
preparing strontium stannochloride. 

The stannichloride was preptred, bot with some diffi- 
culty, in the usual way from 4*8 grms. of strontiom 
chloride and 6-8 grms. of stannous chloride in too cc. of 
dilute hydrochloric acid, chlorine being slowly pasted in 


doring five hours. The solution was filtered and carefully 
concentrated on a water-bath until a scum began to form 
on the surface. The basin containing the sclution was 
transferred to an empty desiccator to cool, and deposited 
long colourless needle crystals, which were rapidly filtered 
off, drained, and dried on a porous plate in an empty 
desiccator. The substance was less deliquescent than the 
calcium salt. It was very soluble in cold water and dis- 
solved readily in 90 per cent alcohol.* The aqueous solu- 
tions hydrolysed on keeping, unless one or two drops of 
hydrochloric acid were added, in which case they remained 
clear for several months. On analysis 

Par cam. 

I * I 597 8 rrn . g» v « 0*4257 gtm. SrS 0 4 ; Sr *17*51 

1*1597 »• it 0 3532 „ SnOi ; Sn-24 00 

0- 2022 „ „ o 35tq „ AgCl ; Cl *43-06 

1- 1597 „ lostat io5^C. 0-1706 „ H?0; Hj() » 14-70 


StSnCl6 4HjO requires— 


Sr .. .. * I7*S | 

Sn * 2417 

Cl - 43 3* 

H a O - 1468 


100 00 


99 27 




Magnesium Stannochloride, MgSnCI 4 > — The double salt 
was obtained by dissolving 4-2 grms. of magnesium car- 
bonate in dilute hydrochloric acid (50 cc.), and mixing this 
with a solution of 11-3 grms. of stannoos chloride in 70 cc. 
of dilute hydrochloric acid and concentrating to the 
crystallising point. On cooling colourless deliquescent 
crystals separated. They were quickly filtered off, and 
could only be dried satisfactorily by placing on a poroot 
plate in a desiccator over sulphuric acid. On analysis : — 


Per cent. 

08897 grm. gave 0 3637 grm. Mg a P a O r ; Mg - 8 93 

o 8897 „ „ 0 4578 „ SnO a ; Sn * 40*54 

02042 „ „ 04052 „ AgCl; Cl *49*11 


98-58 

MgSnCl 4 requires — 

Mg - 854 

Sn - 41*68 

Cl - 49*78 


100-00 

Magnesinm Stannichloride , MgSnCta 6H a 0. — F»v 
grms. of the stannochloride were dissolved in 50 cc. o* 
dilute hydrochloric acid, and chlorine waa passed in ontil 
all the tin had been oxidised to the stannic state. The 
solution was then evaporated to a small bulk and allowed 
to stand over-night. The colourless crystals which were 
deposited were Altered off, drained, and dried on a poroot 
plate in an empty desiccator. The salt was much leas 
deliquescent than the stannochloride. Its aqueous solu- 
tions hydrolysed on boiling. On analysis : — 

Per cent. 

°*35 I 5 gtm. gave 0-1090 gtm. Mg 2 Pa0 7 ; Mg — 6 77 

0-3515 ft tt 0-1207 ,, Sn() a ; Sn = 2582 

0-2129 „ 03915 „ AgCl; Cl * 45*51 

MgSnCIc 6H a 0 requires 


on 

Cl 

H.O 


- 5*25 

- 25*60 

--- <5-85 

- *3'3° 


10000 

Zinc Stannochloride , ZnSnC) 4 . — Zinc chloride (4*5 
grms.) and stsnnoos chloride (7*5 grms.) were dissolved in 
100 cc, of dilute hydrochloric acid by gently warming 
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The solution was concentrated to small bulk and 
deposited colourless crystals on standing over night. 
These were filtered oft and dried on a porous plate. They 
were not so deliquescent as the corresponding magnesium 
salt and the aqueous solutions were more stable. On 
analysis : — 

o 4631 grm. gave 0*1149 gr»n. ZnO ; Zn — 19 q j per cent. 


0*41331 „ „ 0*2136 „ 

SnO> ; 

Sn - 36-31 

»• 

0 3312 „ „ o *5754 „ 

AgCl; 

Cl - 42 99 

»» 



99 27 


ZnSnCl 4 requires — 




Zn 

. . 

— 2006 


Sn 

. . 

= 3 6> 42 


Cl 

v •• 

- 43 52 




100*00 



Zinc Stannichloride, ZnSnClo. 6 H 2 0 . — Six grms. of 
zinc stannocbloride were dissolved in 80 cc. of dilute 
hydrochloric acid and chlorine was passed in for four 
hours, when the salt was completely converted into 
stannichloride. The solution was evaporated down to 
small bulk, and on cooling it deposited colourless crystals. 

* These were filtered oft and dried on a porous plate. 

Z:nc stannichloride did not deliquesce in air. It dis- 
solved freely in cold water, but was thereby slightly 
hydrolysed. Hydrolysis became more complete on 
warming. On analysis : — 

0*7102 grm. gave 0*1087 grm. ZnO ; Zn 12*29 per cent. 


07102 „ „ 0*2207 „ Sn 0 2 ; Sn * 24 43 >f 

0 4233 „ „ 0*7206 „ AgCl ; Cl = 42*13 „ 

ZnSnCIf,. 6 H 2 0 requires — 

Zn - 12*87 

Sn * 23 56 

Cl - 4215 

H 2 0 - 21*42 


10000 

Cadmium Stannichloride, CdSnClc. — No stannochloride 
of cadmium has been isolated. 

For the stannichloride 5*5 grms. of cadmium chloride 
and 6*7 grms. of stannous chloride were dissolved in 100 
cc. of dilute hydrochloric acid, and chlorine was passed in 
for three hours, when the solution no longer gave the 
reactions for stannous salts. The solution was evaporated 
to very small bulk, but did not deposit crystals until it was 
kept for twelve hours in a desiccator over sulphuric acid. 
The very deliquescent crystals were filtered oft, drained, 
and dried by placing on a porous plate in a desiccator with 
sticks of caustic potash. On analysis : — 

0*5132 grm. gave 0*1756 grm. CdS *, Cd = 26 61 per cent. 

0*51*32 „ „ 0*171 1 „ Sn 0 2 ; Sn — 26 37 „ 

01429 “ „ o*2 |io „ AgCl ; Cl = 47 74 „ 


CdSnCJf, requires — 

Cd . . . 

Sn . . 

Cl .. . 


10072 


•3 

. 76 


4793 


100 00 

Nickel Stannichloride , NiSnCl6 6 H 2 0 . — Nickel chloride 
(4 76 grms.) and stannous chloride (4*52 grms.) were dis- 
solved in 80 cc. of dilute hydrochloric acid. The solution 
did not yield crystals of a stannochloride when evaporated 
to a small bulk. It was diluted again to 100 cc., and 
chlorine was bubbled through until all the tin was in the 
stannic condition. On concentrating this solution pale 
green crystals appeared when the solution cooled. These 
crystals were filtered oft, drained, and dried on a porous 


plate. They were only slightly deliquescent. On 
analysis: — 


0*4803 grm. gave n 0566 grm. Ni ; Ni =* 1179 per cent. 
0 4803 „ „ 0*1452 „ Sn0 2 ; Sn = 23*81 „ 

o* 1 1 fin ,, lf 0 2015 ,, AgCl; Cl » 42*99 „ 

NiSnCV 6 H 2 0 requires- 

Ni - ”77 

Sn — 23*84 

Cl - 42 69 

H 2 0 — 2170 


100 00 

Cohalt Stannichloride , CoSnC’o 6H 2 0. — No stanno- 
chloride of cobalt was obtained. 

For the stannichloride 7*1 grms. of cobalt chloride 
(CoC 1 2 . 6 H 2 0 ) and 6*7 grms. of stannous chloride were 
dissolved in too cc. of dilute hydrochloric acid by warming. 
Chlorine was bubbled through the solution until all the 
stannous tin was converted into the stannic state. Slow 
evaporation to small bolk and subsequent cooling pro- 
duced a crop of small pink crystals which were separated oft. 

Like the nickel salt these crystals were only slightly 
deliquescent, and the aqueous solutions did not readily 
hydrolyse. On analysis : — 


1*0035 8 rm - gave o*”9i grm. Co Co ~ 11*83 per cent. 

1*0035 „ „ 0 3135 „ Sn 0 2 ; Sn = 24*61 „ 

0*1701 „ „ 0*2913 „ AgCl; Cl - 42*38 M 

CoSnCl 6 . 6 H 2 0 requires — 

Co — 11*82 

Sn — 23*85 

Cl « 42 66 

H a O — 21*67 


10000 


THE PERCHLORATE METHOD FOR THE 
DETERMINATION OF THE ALKALI METALS. 
By F. A. GOOCH and G K. BLAKH. 


In the work of which an account is here given, the object 
at the outset was the examination of the perchlorate pre- 
cipitation of rubidium and cesium, as proposed by 
Montemartini and Matocci (Gaz. Chem ., 1903, xxxiii., 
189), for the estimation of those elements ; but the recent 
paper of Baxter and Kobayasbi, which appeared while 
this work was in progress, upon the perchlorate deter- 
mination of potassium, suggested the desirability of in- 
cluding that element also within the scope of the investi- 
gation. In the work of Baxter and Kobayasbi (Joum. 
Am. Chem. Soc., 1917, xxxix., 249), careful attention is 
paid to the relations of solubility of potassium perchlorate 
in the washing media, the use of alcohol containing about 
o*i per cent of perchloric acid (as first proposed by Wense, 
Zeit. Anal. Chem., 1891, v., 691), and saturated with 
potassium perchlorate (as suggested by Davis, and 
advocated by Thin and Cummings, jfoum . Chem . Soc., 
1915, evii., 361) is adopted, and further recommendations 
are made that the washing alcohol be of absolute strength 
and of a temperature as near as possible to o°. The 
authors state that there is no danger of the deposition of 
potassium perchlorate from the saturated alcoholic solu- 
tion owing to upward change of temperature during the 
manipulation, and make record of the observation that the 
addition of a large amount of sodium perchlorate failed to 
induce the precipitation of potassiom perchlorate from the 
solution saturated with the latter salt. It is obvious, how- 
ever, that if a condition of supersaturation in respect to 
potassium perchlorate were brought about by the addition 
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of sodium pcrchljrate to the solution, the contact of the 
supers iturated solution with potassium perchlorate already 
precip uted might induce a further precipitation of that 
silt from the washing liquid ; and this is a point of much 
importance in tha application of the perchlorate method to 
the determination ot rubidium and c.t^ium. We have 
therefore tested the matter by adding sodium perchlorate 
to a saturated solution of potassium perchlorate in alcohol 
(97 per cent), made and used at the working temperature of 
me laboratory, shaking the solution in contact with a 
weighed araoont of solid potassium perchlorate, filtering 
and weighing upon asbestos the insoluble precipitate. In 
the first two experiments solid sodium perchlorate was 
dissolved in the saturated alcoholic solution of potassium 
perchlorate to which a weighed amount of solid potas- 
sium perchlorate had been added. In the last two experi- 
ments the sodium perchlorate was dissolved to a clear 
solution in the alcohol previously saturated with potas- 
sium perchlorate, and to this liquid mixture the weighed 
amount of solid potassium perchlorate was added. The 
mixture in each case was thoroughly shaken and filtered 
upon asbestos in the perforated crucible. The precipitate, 
transferred by the use of the filtrate and gathered in thin 
compact layer upon the asbestos felt, was washed with a 
small amount of alcohol (about $ cc.) applied in portions 
successively with intermediate drainings. The results, given 
in Table I., show that when a saturated solution of potas- 
sium perchlorate in alcohol is used as the washing liquid 
for precipitated potassiom perchlorate in presence of 
sodium perchlorate, there is the possibility th at the pre- 
cipitate may be augmented by potassium perchlorate 
derived from the washing liquid. 

Table I. — rnatmtnt of the Saturated Solution of 
Potassium Perchlorate in Alcohol. 


KCtO, 

KC!(>, 

Face as of 

Volume of 

taken 

f' ind. 

KC ’< >4 found. 

saturated alcohol 

Grm. 

Grm. 

firm. 

Cc. 

OIO25 

0*1050 

OO025 

50 

0*1020 

6*1036 

0 0016 

50 

0*1029 

01048 

00019 

50 

0*1012 

01033 

0*0021 

50 


As regards the solubility of potassium perchlorate in 
alcohol carrying a small amount of perchloric acid, as 
recommended by Wensc ( loc . cif.), it is evident that the 
solvent effect may be modified, without the use of a 
medium saturated with the salt to be precipitated, by 
restricting the amount of liquid used in the digestion, 
transfer, and washing the precipitate. We have there- 
fore tried the expedients (1) of keeping the volume of 
liquid low, and (2) of again using the first filtrate after the 
digestion for transferring the precipitste to the filtering 
crucible, completing the washing of the cr>stalline pre- 
cipitate with a very small amount of the washing liquid 
applied in successive portions. The effects of these pro- 
cedures, in the perchlorate determination of potassium, 
rubidium, and exsium, are shown in the following account 
of the experimental work. 

In all the tests the carefully prepared alkali chlorides 
were weighed in small beakers, dissolved in water, and 
treated with pure perchloric acid which distilled without 
residue. The liquid was evaporated to the faming point 
of perchloric acid. For the smaller amounts (01 grm.) of 
material a single evaporation proved to be effective in 
converting the chlorides to perchlorates. In the case of 
the larger amounts the residues were redissolved in a little 
water and then subjected to one or two similar treatments 
with perchloric acid. The residues were digested with the 
alcoholic washing liqoid (97 per cent alcohol, containing 
about o* 1 percent of perchloric acid), transferred to an 
asbestos filter in the perforated crucible, washed, dried at 
about 130 s , and weighed. In some cases the precipitate 
was redissolved, and again treated after decantation of the 
solution before repeating the treatment with perchloric 
acid and transferring the precipitate to the filter. These 
detsils of treatment are indicated. 


Table II. contains results of experiments with potas- 
sium chloride. Those of section A represent results 
obtained by keeping the washing liquid within moderate 
limits. In lection B are the results obtained by using the 
first lihrate instead of the washing liquid to ctlect the 
transfer of the precipitate to the filter. 

The results and detail of similar experiments with pure 
rubidium and cesium chlorides are given in Tables III. 
and IV., and with mixtores of potassiom, rubidium, and 
caesium chlorides in Table V. 

Table III.— The Determination of Rubidium at the 
Perchlorate . 

RhCl KbCIOi Theoryfor HCIO,, 70 Filtrate 

taken. found. RbCliV F.rror percent. lapprov.) 

Grm. Grm. Grm. Grm. Cc. t_c 


A.— The transfer made with the washing solution after 
washing fifteen to twenty minutes. 

(One evaporation in glass). 


0*1000 

0 1527 

01529 

-0*0002 

0*1 

60 

0 1000 

01528 

0*1529 

-0*0001 

0*1 

60 

0*1000 

0 1529 

01529 

00000 

0*1 

60 


(One evaporation ; two decantations). 


0*1000 

01527 

01529 

-0*0002 

0*1 

20 3 20 

0*1000 

0 1531 

0 1529 

3 0*0002 

0*1 

20 *3 20 


(One evaporation in glass). 



0*1000 

0153* 

01529 

F 0-0002 

5 

60 

0*1000 

01530 

01529 

* 0*0001 

5 

60 

O* I (XX) 

0 1526 

0 1529 

-0*0003 

5 

60 


B.— The trans r er made with the washing liquid without 
standing to digest. 


(One evaporation with large amount of perchloric acid’ 


O IOOO 

0 1526 

0*1529 

- 0*0003 (a) 

5 

60 

0 X000 

0 1525 

01 5 29 

-0*0004 (*») 

5 

60 

o* 1000 

0 1524 

01529 

- 0 0005 (<i) 

5 

60 

01000 

o*t52t 

0 1529 

- 0 0008 (a) 

5 

60 

01000 

01508 

0 1529 

- 0 0021 (*i) 

5 

60 


C. — 1 he transfer effected, after digestion, with the 
use of the filtrate. 

(Three evaporations in platinum). 

0*1000 0-1534 0*1529 300004 3x0*1 20-F5 

0*1000 0*1526 0*1529 00003 3x01 203-5 

(j) These results are low in spite of possible contamina- 
tion by silica. S;e Table V., A. 


Table IV. — The Determination of Casium at the 
Perchlorate. 


C%C1 

c«cio 4 

Theory for 


lit 1O4 (70 

Filtrate 

taken. 

found. 

CaCiO, 

l-.rror. 

per cent). 

(approv ) 

Grm. 

Grm 

Grm. 

Grm. 

Cc. 

Ci 

A - 

-The transfer made with tbe washing solution. 
(One evaporation in glass). 

01000 

0-1365 

0*1380 

-O 0015 

0*1 

60 * 

0 1000 

0*1368 

01380 

- 0*0012 

0*1 

60 

0*1000 

0 1378 

0*1380 

-0 0002 

0*2 

45 

0*1000 

01372 

0*1380 

-0 0008 

0*2 

45 

01000 

0*1376 

0*1380 

-0*0004 

0*2 

20 


B.— The transfer made with tbe oae of the filtrate. 
(One evaporation in glass). 


0*1000 

0-1376 

01 380 

-0*0004 

0*1 

ao -35 

0*1000 

<>•1378 

0 1380 

-0*0002 

0*1 

204 5 

0*1000 

0-1378 

or 380 

-0*0002 

0*1 

20 - 5 

0*1000 

o-«377 

0*1380 

- O OOO3 

0*1 

20 t 5 


(Three evaporations in platinum). 

• 

0*1000 

0*1379 

01380 

— 0*0001 

3X0*1 

20 t 5 

0*1023 

0*1411 

014x2 

-0*0001 

3X0-1 

207 5 
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Table II . — The Determination of Potassium as the Perchlorate. 


KCl taken 

NaCl taken. 

KC 10 | found 

Theory for KClO,. 

Error. HCIO 

i, 7c per cent. 

Filtrate (approx 

Grm. 

Grm. 

Grm 

Grm. 

Grm. 

Cc. 

Cc. 



A. — The transfer made with the washing solution. 



0*1007 (a) 

— 

0*1862 

0*1871 

— 00009 

01 

60 

0*1009 ( a ) 

— 

0*1870 

0*1875 

- 0 0005 

0*1 

60 

0*1014 (a) 

— 

0*1876 

0*1884 

— o*oooS 

0*1 

60 

0*1005 (a) 

— 

0*1862 

0*1867 

— 0*0005 

0*1 

60 



B. — The transfer effected with the use of the filtrate. 


0*1000 ( b ) 

— 

0*1866 

0*1858 

+ 0*0008 

3 X 0*1 

20+5 

0*1020 (6) 

— 

0*1894 

0*1895 

+ 0*0001 

3x0*1 

20+5 

0*1005 (c) 

0*1 

0*1872 

0*1868 

+ 0 0004 

0*1 

20+5 

01033 ( d ) 

0*1 

0*1924 

01920 

+ 00004 

0*1 

20 + 5 

0*1016 (d) 

0*1 

0*1894 

0*1889 

+ 0*0005 

0*1 

20 + 5 

0*3015 (e) 

0*1 

0*5622 

0*5602 

+ 0*0020 

3x0*1 

20+5 

0*3012 (e) 

0*1 

0*5622 

o -5596 

+ 0*0026 

3x0*1 

20 + 5 

0*3021 (/) 

0*1 

0*5615 

0*5613 

+ 0*0002 

3x0*1 

10 + 10+5 

0*3002 (/) 

0*1 

0*5571 

0-5578 

- 0*0067 

3x0*1 

10+10 + 5 

0 3013 (/) 

o *5 

0*5613 

05598 

+ 0*0015 

3x0*1 

10+10 + 5 

0*3008 {/) 

o *5 

0*5603 

0-5589 

+ 0*0014 

3x01 

10+10+ 5 


(j) One evaporation in glass. 

\b) Three treatments and evaporations in glass, following solution in each case in the least amount of water. 

(c) One treatment in platinum. 

\d) One treatment in quartz. 

(e) Three treatments and evaporations in platinum without decantation, following solution in each case in the least 
amount of water. 

(/) Three treatments and evaporations in platinum ; digestion of the residue with 10 cc. of washing solution, 
decantation, solution, evaporation, digestion, and transfer with io cc. of washing liquid. 


* Table V. 


KCl taken. 

RbCl taken. 

CsCl taken. 

Perchlorate found. Theory for perchlorates. 

Error. 

HC1©4, 70 per cent. 

Filtrate. 

Grm. 

Grm. 

Grm. 

Grm. 

Grm. 

Grm. 

Cc, 

Cc. 



A. — One evaporation in glass ; transfer with the use of filtrate. 



0*1004 

0*1000 

0*1004 

0*4633 W 

0*4781 

— 0 0148 (a) 

03 

20+20 

0*1011 

0*1000 

0*1005 

0*4605 (a) 

0*4795 

-0*0190 (a) 

0*3 

ZO+ 20 

0*1014 

0*1000 

0*0807 

0*4562 ( b ) 

0*4527 

+ 0 0035 (b) 

5 

20 + 20 

0*1019 

0*1000 

00843 

0*4586 (6) 

0-4558 

+ 0*0072 ( b ) 

5 

20+20 


B. — Three evaporations with intermediate solution 

in platinum ; 

transfer by means of the filtrate. 


0*1038 

0*1000 

0 1025 

0 4873 (c) 

0-4873 

o*oooo (c) 

3x0*4 

20 + 5 

0*1010 

01000 

0*1018 

0-4817 (c) 

0*4811 

+ 0*0006 (c) 

3x0*4 

20 + 5 


(a) After dissolving in water and again evaporating with 0-3 cc. of the perchloric acid the recovered residues showed 
error of + 0*0006 grm. and -f 0*0012 grm. respectively — showing the imperfect conversion of Urge amounts of 
chloride in a single evaporation with a moderate amount of perchloric acid. 

{b) These residues, obtained by evaporating with a large amount of perchloric acid in glass, contained silica. After 
dissolving, filtering, and reprecipitating the errors were reduced to +o*ooog grm. and +0*0015 grm. respectively. 
(O Upon dissolving these residues, again precipitating, and weighing, errors found were -0*0004 grm. and +0*0004 
grm. respectively. 


The results of the experiments recorded go to show (1) 
that the use of an alcoholic liquid saturated with the sub- 
stance to be precipitated is unnecessary to the attainment 
of good analytical results ; (2) that it is practicable to so 
restrict the volume of the washing liquid (97 per cent 
alcohol containing o*i per cent of perchloric acid) that 
the solubility of the precipitated perchlorates is insigni- 
ficant for practical purposes ; (3) that a single evaporation 
with a moderate excess of perchloric acid (01 cc. for every 
o*i grm. of salt) is not sufficient to convert considerable 
masses of alkali chlorides (*.g., 0*3 grm.) completely to 
perchlorate, and that in such a case the residue of 
the first evaporation with perchloric acid should be 
dissolved in the least amount of water, another portion 
of perchloric acid added, and the evaporation repeated ; 
(l) that in separations of the larger amounts of in- 
soluble perchlorates (0*3 grm.) from sodium perchlorate 
the residue left after digestion of the nearly dry mass of 
perchlorates in the washing liquid and decantation should 
be dissolved in a small amount of water, and the process 
of evaporation and extraction repeated ; (5) that in the 
case of rubidium at any rate, digestion of the residue for 


fifteen or twenty minutes with the washing' liquid before 
effecting the transfer is advantageous. 

It is to be noted that the evaporation of large amounts 
! of perchloric acid in glass may result in a considerable 
action upon the glass, and it has been found that perchloric 
acid which has stood a long time in glass may yield an 
appreciable tesidue on evaporation . — American Journal 
of Science , xliv., Nov., 1917. 


Royal Institution. — A General Meeting of the 
Members of the Royal Institution was held on the 6th 
inst., Sir James Crichton - Browne, M.D.. F.R.S., 

Treasurer, in the Chair. The following Vice-Presidents 
were elected : — Henry E. Armstrong, LL.D., F.R.S. ; Sir 
Wm. Pbipson Beale, Bart., K.C., M.P. ; Sir Charles 
Nicholson ; the Hon. R. C. Parsons. M.A., M.Inst.C.E. ; 
the Right Hon. Lord Rothschild, F.R.S. ; the Right 
; Hon. Lord Wrenbury, P.C., M.A. ; Sir James Crichton- 
I Browne, M.D., F.R.S., Treasurer; Colonel E. H. Hills, 
C.M.G., R.E., F.R.S., Secretary. Sir George Stewart 
| Forbes, George H. Heard, and Lieot.-Col. C S. Myers 
I were elected Membeis. 
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SOME SUITABLE MATERIALS FOR 
PAPER • MAKING. 

By | AMES LEIGHTON, FR.H.S. 

The present is a fitting; time to direct oar attention to new 
sources of supply of suitable material for the manufacture 
of paper. Tne great scarcity of all kinds of paper is felt, 
and prices have advanced from 200 per cent to 600 per 
ceot, according to kinds required. 

Many of our indigenous and exotic plants are capable of 
producing a good quality of paper, but we need to give 
our attention only to those kinds that are of suitable 
quality and easily obtainable in quantity. 

In the early days of the industry, paper was made ft ora 
rags, worn-out garments, cuttings, and waste from looms. 
Later, it became necessary to find other sources of supply, 
of which straw, disintegrated wood, and the Esparto 
(or Alfa grass) of Spain and North Africa are the chief. 
England uses very largely the Esparto grass, which grass 
is not osed at all in America, where about 75 per cent of 
the pulp used is obtained from wood. The finest grades 
of paper are still made from flax and cotton, but this 
amounts only to about 5 per cent of the total. Plant fibre 
when pore is a white semi-opaque substance, insoluble in 
all ordinary solvents, and chemically known as cellulose, 
the formula being C6H10O5 ; that is, six equivalents of 
carbon, ten of hydrogen, and five of oxygen are united 
together to form the substance known by that name. 
These proportions are constant, although the physical 
characteristics may differ widely. Before the cellulose can 
be made available for the manufacture of paper, it must 
first be freed from its combination with the non-cellulose 
constituents with which it is united to form the pltnt 
structure. Cotton as well as the filiform silky bracts of 
the involucre of Typha are examples of pure cellulose. 
We are fortunate in having large supplies of suitable 
material in the form of Tambookie grasses capable of 
making the larger lines of paper in daily use. These 
grasses have been thoroughly examined by the Imperial 
Institute, and pronounced to be about equal to the well 
known Esparto grass. 

I am indebted to Dr. A. Schulz, of Durban, for various 
samples of wrapping paper made from different species of 
Tambookie grasses obtained from various parts of Sauth 
Africa, but all species having the same characteristics. 
Bertrams, Limited, of Edinburgh, who have prepared 
these samples, pronounce them “ excellent, M and state 
that “ There is no doubt that this material will produce a 
reasonably strong paper without the assistance of any 
stronger materials. n 

They state, however, that 11 It must be kept in mind 
that pulp made from any grass such as Tambookie cannot 
produce a strong wrapping paper to compare with paper 
made from hemp or the like." They state that “ the fibres 
in Tambookie are very similar to those in Esparto, and 
Esparto will not make what is termed a strong paper, but 
it does make a paper of a high quality." The samples 
were all made without the addition of any colouring, and 
show the material colour of the pulp. I believe one 
of the grasses submitted to Bertrams was Andropogon 
kirtus , L., a grass common throughout the country and 
growing to a height of from 2 to 3 feet. 

Andropogon nardus , L., var. marginalia, Hack, a rigid 
coarse grass growing in dense tufts to a height of 5 or 6 
feet, common on patches adjoining the forest and on fiat 
damp hill tops and moist places. Stock do not eat this 
grass, but it is in much demand as a thatch, and if properly 
used will last twenty years. As its name implies, it is 
pleasantly scented. The lemon grass of India is a species 
of Andropogon. Mr. Jas. Simpson, of Port Elizabeth, a 
practical papermaker, has kindly prepared paper from a 
sample of this grass, which he pronounced to be first of a 
number of good samples prepared by him. The menu 
cards used at the last Port Elizabeth Agricultural Show 
Dinner were made from this grass. 


Cyperus Ux tilts (common near rivers and wet localities 
throughout the country) is capable of producing a very 
strong paper, and would prove of great value fo; mixing 
with grass pulp when an extra strong paper is required. 

Another species of Cyptna , C. hrxangulatt , is probably 
not inferior to the last-named species as a pulp producing 
plant. This species grows in less moist places and more 
in the open thsn the C. textilis, but it is usually a close 
neighbour. Like the former species, 5 or 10 per cent of 
this fibre will do much to strengthen the grass pulp. 

Sansevieria thyrsi flora , a liliaceous plaint fairly common 
as an underbush throughout the Eastern Province, is 
capable of producing a very fine paper, but it is of more 
value as a cordage and will be dealt with under that 
heading. The Plaintain produces a fine fibre suitable for 
the production of a strong paper. The plant can be 
grown in many places where the less hardy Banana 
would not thrive. 

Flcurya peduncularis , a precumbent nettle common in 
moist places, makes a fine paper, but it is not foond in 
great quantities. 

Agavt amt r ican a hat been introduced all over the 
country, and there are large quantities now ready for use 
for producing paper-pulp. Mealie cob busks are of 
increasing value for paper-making, and the centre of the 
cobs from which the mealies have been separated is osed 
for the manufacture of celluloid and as a material from 
which a kind of linoleum is prepared. 

With so much valuable material at hand it should not 
be difficult to supply a mill with pulp for the production 
of wrapping papers and a bleached paper for newspapers. 

Some suitable centre should be selected near the source 
of supply, where pure water is plentiful, and, if sufficient for 
motive power, it would be desirable, otherwise the mill 
should be erected where fuel is plentiful at some con- 
venient centre. 

In India a superior chemical paper made from local raw 
material has, owing to its cheapness, ousted the foreign 
inferior article out of the market. With the abundant 
supply of excellent material at its disposal Sooth Africa 
should not stand behind India in this respect, but should 
retain at least half of the Urge sum of over £400,000 
annually spent in the import of paper into the Union. 

The Andropogon nardus will produce close on 50 per 
cent of pulp. Pulp requires the addition of about 10 per 
cent of extra stuff, cliy, size, &c., to make it into paper. 

I have dealt with but a few of the species of grasses and 
other plants which might be utilised for the purpose of 
paper production, but doubtless there are many other 
plants that will prove of value for this purpose, especially 
among the monocotyledons, and with such a plentiful 
supply of raw material it remains to be seen whether 
South Africa will utilise its resources and supply an in- 
dustry which would be beneficial to commerce as well as 
a valuable asset to the country. — South African Journal 
of Sennet, xiv., No. 6. 


VULCANISATION OF RUBBER BV SELENIUM. 

By CHARI. KS R. BOGGS, 

Rubber Laboratory of the Simplex Wire and Cable Company, 
Boston, Massachusetts. 

Vulcanised rubber has been manufactured for some 
years, but there has really been no essential change from 
the general methods of vulcanisation as originally specified 
by the inventors. The two original methods, which are 
still in use, are the vulcanisation with sulphur by beat and 
that by sulphur chloride in the cold. Variations in the 
processes have been introduced and innumerable mixtures 
made with other materials, but no rubber article of 
practical importance has been pot on the market which 
has essentially deviated from the two original processes. 

There have been made, however, many slight variation 
in compounding rubber mixtures which have produce 
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vulcanised rubber products that are characterised by pro 
perties which fit them to special work better than any pre- 
viously known compounds. It was with this idea that 
we throught rubber vulcanised with selenium might give 
a product of especial adaptability to some of the many 
uses of rubber. At the time that we first tried to vulcanise 
rubber with selenium, 1913, we thought that we were the 
first, although it is evident that anyone with a knowledge 
of chemistry would expect selenium to act similarly to 
sulphur. We have since noticed that Pearson in his book, 
“Crude Rubber and Compounding Ingredients,*' mentions 
two methods, one by heating rubber with equal parts of 
selenium and the other by dropping liquid selenium into a 
CSa solution of rubber at 300° F. under pressure. It is 
evident that these methods bad nothing to recommend 
them, and I believe could never have been developed 
because of the unsatisfactory product. 

Selenium is a metal in the same group of the periodic 
table as oxygen, sulphur, and tellurium, is much more 
metallic than sulphur, and has a higher melting point 
(217° C.), sufficiently high to discourage one from 
attempting to use it as a vulcaniser for rubber which is 
not capable of withstanding such a temperature. Its atomic 
weight is 79*2. It occurs in two crystalline and one 
amorphous form, and forms a complex molecule when 
cold, S?8 being very similar to sulphur. A short descrip- 
tion of its properties follows : — 

Black or grey crystalline. — Octahedral ; hexagonal. 

Sp. gr. 4*80. Insoluble in CS 2 . M.-p. 217 0 . 

Red crystalline. — Monoclinic. Sp. gr. 4*46 — 4*51. Solu- 
ble in CS 2 . M.p. 175 0 . 

Red amorphous.— Sp. gr. 4*26—4-28. One soluble (and 
one insoluble) in CS 2 . Softens at 102°. 

All modifications go ovrr to the black crystalline form 
when heated at ioo 01 to 150° C. The black crystalline 
powder can be obtained on the market in small quantities, 
but it should be procurable in fair amounts if there were 
a commercial demand for it. Black selenium has the 
further peculiar property of being an electric conductor 
under the influence of light although the other forms are 
insulators. It might, therefore, cause rubber which has 
been vulcanised with it to show some slightly unusual 
electrical characteristics. 

Our first attempts were made with selenium in the form 
of black powder used in a standard 30 per cent Para com- 
pound in the equivalent proportion that sulphur would be 
used. By heating at about 150° C. for a couple of hours 
a partial vulcanisation resulted. The physical tests showed 
a normal elongation, but a tensile strength of only about 
50 per cent of the similar sulphur compound. The point 
to be noted is that partial vulcanisation was obtained, 
although the temperature was well below the melting point 
of Se. Increase in the time, did not improve the product. 
All of these first samples have aged well, and after nearly 
four years give the same elongation and tensile-strength 
values of about 70 per cent of the original. 

Doubling the amount of selenium and using an organic 
accelerator, which we were then using with sulphur, did 
not improve the product but did make the samples go to 
pieces with age, a ncrmal characteristic of over-vulcanised 
and under-vulcanised rubber. A peculiar point about this 
compound was that when it was removed from the press 
hot it expanded 25 per cent nf its volume. Its volume 
became normal when cold. This high coefficient of ex- 
pansion indicated lack of vulcanisation. 

Using amorphous selenium and an organic accelerator 
we were able to increase the tensile strength some without 
sacrificing the elongation. Some other accelerators were 
tried without much success. The amorphous selenium 
should go over the metallic form at the temperature used. 

The most promising compound we then had was put on 
wire, and has been tested regularly for the last three years, 
and the remarkable point is that it has not deteriorated 
appreciably in that time. This compound was below 
normal in its tensile strength. The difficulty seems to be 
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that the long heating at the relatively high temperature 
used to effect vulcanisation caused too great a depoly- 
merisation of the rubber. 

By trial we have now found accelerators which enable us 
to satisfactorily vulcanise rubber with selenium when heated 
at the ordinary vulcanising temperature of *75° F. (*35' 
C.) for only about twice the time required witb sulphur. 
The product gives the normal tensile strength (1100 to 
1200 lbs.) and elongation (2 to 10 in. or 12 in.) of the same 
compounds with sulphur. It is somewhat soft. This com- 
pound shows no deterioration under the short life test of 
four dayfi’ beating in air at 70° C. 

Electrical tests have been carried out on wire insulated 
with this compound, and the insulation resistance and 
dielectric strength are somewhat low. Special deter- 
minations as dielectric loss, &c., have not yet been deter- 
mined. 

Chemical analysis as applied to ordinary sulphur com- 
pounds does not apply to these compounds vulcanised 
with selenium, as the black selenium is practically insolu- 
ble in acetone, and consequently the uncombined Se is 
not separated by extraction with acetone. Also it is only 
very slightly soluble in CHC1 3 and CS 2 . The acetone 
ex.ract contains only the resins from the rubber (provided 
oils, waxes, &c., are not added). The CHCI3 extract con- 
tains some Se and a small amount of unvulcanised rubber 
as with soft vulcanised rubber when cured with sulphur. 
A determination of rubber by the tetrabromide method 
gave 31 7 percent rubber plus resins, &c., in a compound 
to which 31 7 per cent rubber had been added. This 
would indicate that no correction should be made for com- 
bined Se, >.*., that the selenium was either not chemically 
combined, or more likely that it was so weakly combined 
that it was displaced by Br. It is possible that a complete 
chemical study of the vulcanisation of rubber with 
selenium may throw some additional light on the theory 
of vulcanisation. Also it may help in the study of the 
nature of the catalytic effect of accelerators as the vul- 
canisation occuis so far below the melting point of the Se. 

The product as we now have it has not yet shown any 
unusal electiical properties, but the indications are that 
its deterioration with age is much less than witb sulphur 
compounds. It can be brominised and oxidised, but the 
natural oxidation seems to have been slowed up. As the 
deterioration of rubber goods is the one disadvantage of 
rubber, especially in those lines of work where permanency 
is desired, it may be that the use of selenium may partially 
remove this disadvantage . — Journal of Industrial and 
Engineering Chemistry , x., No. 2. 


MINISTRY OF RECONSTRUCTION. 

Memorandum on Organisation and Work of 
Interim Industrial Reconstruction Committees. 

The Government has already expressed its approval of 
the proposals put forward in the Whitley Report (see 
below) that in each industry which has reached a suffi- 
cient level of organisation there should be established a 
Joint Standing Industrial Council consisting of equal 
numbers of representatives of Associations of Employers 
and Trade Unions. The Ministry of Labour has been 
entrusted with the duty of assisting industries in carrying 
into effect those proposals. 

A large number of such Councils is already in process 
of formation ; but in certain industries, owing to various 
reasons, progress has as yet been slow. In the latter in- 
dustries, pending the establishment of Industrial Councils, 
the Ministry of Reconstruction has undertaken, in associa- 
tion with the Board of Trade and the Ministry of Labour, 
to promote the formation of Interim Industrial Recon- 
struction Committees consisting of equal numbers of repre- 
sentatives of organisations of Employers and Trade 
Unions. 
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Wbat form these organisations should take must depend 
on the circumstances of each industry. What functions 
the Committee should assume and what they should leave 
or delegate to existing organisations or to specially 
created bodies, are also questions which must be deter- 
mined by those concerned. But it is not intended that 
the Interim Industrial Reconstruction Committees, any 
more than the permanent Industrial Councils, to which it 
is hoped they will lead, should confine themselves to the 
consideration of subjects specially referred to them by a 
Government Department. It is hoped that they will 
exercise a large initiative in devising means by which the 
transition from war to peace conditions may be most 
smoothly effected and the way opened to the rapid 
restoration of industrial enterprise. 

Work of Interim Industrial Reconstruction Committees. 

The most urgent questions to which the attention of 
Interim Industrial Reconstruction Committees should be 
given are here indicated. It is desired specially to 
emphasise the importance of those relating to the pro- 
motion of industrial organisations and to the questions of 
employment and supplies of raw maferials which are the 
cardinal factors in industrial reconstruction. 

1. The Promotion of Industrial Organisation . 

Interim Industrial Reconstruction Committees will con- 
sider the promotion in the industry of fuliy representative 
industrial organisations, both on the side of the employers 
and of the employed, together with the formation of a 
Joint Industrial Cooncil in a form appropriate to the in-, 
dustry. Apart from the problems of the transitional 
period, this organisation should aim at securing under- 
standings, as soon as possible, which will enable both 
parties (a) to co-operate freely in restoring and increasing 
the productive capacity of the country, (6) to provide the 
basis of representative bodies of a more permanent 
character for advising and assisting the Government 
Departments concerned, and (c) to assist in providing the 
peaceful and progressive development to the industry 
itself. 

2. Demobilisation and Employment . 

(ti) Demobilisation. — The intention of the Government 
being to demobilise the Forces so far as possible in the 
order determined by civil requirements, the Interim In- 
dustrial Reconstruction Committees should be prepared to 
furnish the Ministry of Labour who are dealing with 
these problems with a comprehensive statement showing 
the prospects of trade and employment in their industry, 
in order that its claims to priority may be estimated. 

The Committees will also be asked to consider : — 

(b) The arrangements to be made upon demobilisation 
for re-absorbing into each industry soldiers and war- 
workers, and the preparation, where necessary, of schemes 
for the purpose. 

(c) Questions connected with war pledges affecting the 
industry. 

(d) The steps which may be required to facilitate the 
early restoration of the trade to peace conditions. 

(e) The problems connected with wages, boors, &c., 
during the transition period, together with the preparation 
of schemes whereby possible unemployment may be 
mitigated during that time. 

(/) Apprenticeship and training, including the training 
and conditions of employment of disabled men. 

( g ) The rules and working conditions in connection 
with the industry and any extensions thereof. 

3. Raw Materials. 

(a) The Industries Sub-Committee of the War Priorities 
Committee have undertaken to consider priority applica- 
tions in respect of materials required for the manufacture 
of experimental types, with a view to the post war develop- 
ment of trade. In giving consideration to such applica- 
tions the Industries Sub committee may require the 
advice of the Interim Industrial Reconstruction 
Committees. 


{!>) As regards the position after the war, it seems 
probable that tome allocation of sopplies by the Govern- 
ment between the various industries may be necessary for 
a time in the case of some raw materials, and in order 
that the total demand may be accurately estimated, each 
Interim Industrial Reconstruction Committee should at 
once begin the preparation of a statement showing the 
quantities of the several raw materials required, together 
with any advice they may desire to give in the event of 
some of them being of prior importance to others. 

4. Priority. 

Apart from the provisions of the supplies of raw 
materials there are, in some industries, certain other sop- 
plies, such as those of machinery, which are of the first 
importance in restoring industrial capacity. 

5. Financial Facilities. 

A Committee has been appointed jointly by the 
Treasury and the Ministry of Reconstruction u to consider 
and report whether the normal arrangements for the pro- 
vision of financial facilities for trade by means of existing 
banking and other financial institutions will be adequate 
to meet the needs or British indostry during the period 
immediately following the termination of the war, and, if 
not, by what emergency arrangements they should be 
supplemented, regard being had in particular to the special 
assistance which may be necessary— 

(a, To facilitate the conversion of works and factories 
now engaged upon war work to normal production ; 
(b) To meet the exceptional demands for raw materials 
arising from the depletion of stocks.** 

It would greatly facilitate the work of this Committee if 
the Interim Industrial Reconstruction Committees would 
ptepare an authoritative statement of the views of their 
industries on the special financial problems involved. in the 
conversion from war to peace conditions. 

6 . New Industries. 

In the case of the Engineering Trades, the Ministry of 
Reconstruction has established a Committee to consider 
the development of new industries. But where an Interim 
Industrial Reconstruction Committee is in existence, such 
an inquiry would naturally be undertaken by it or under 
its auspices on behalf of the industry as a whole. The 
terms of reference to the Engineering Committee may be 
quoted as a model : — 

"To compile a list of the articles suitable for manu- 
facture by those with engineering trade experience or 
plant, which were either not made in the United 
Kingdom before the war, but were imported or were 
made in the United Kingdom in small or insufficient 
quantities, and for which there is likely to be a consider- 
able demand after the war, classified as to whether they 
are capable of being made by— (1) women, (2) men and 
women, 13) skilled men, and setting out the industries 
to which such new manufactures woold most suitably 
be attached ; and to make recommendations : — 

(a) On the establishment and development of such in- 
dustries by the transfer of labour, machines, and 
otherwise ; 

(/*) As to how a transfer could be made and what 
organisation woold be requisite for the purpose, 
with due regard to securing the co-operation of 

labour.’* 

With regard to the last words, it is evident that the 
settlement of working conditions most be undertaken 
simultaneously, and the Ministry of Reconstruction has 
for that reason appointed a parallel Committee of Labour 
Representatives to consider the labour questions involved. 

7. The Disposal of Surplus Government Stores . 

An advisory Board bas been established by Order in 
Cooncil to consider and advise on and 44 to expedite the 
preparation of any necessary inventories of property and 
goods of all descriptions held by Government Depart- 
ments, and to consider and advise upon the disposal or 
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alternative form of use of any property or goods which 
have or may become, during or on the termination of the 
war, surplus to the requirements of any Department for 
the purposes of that Department." 

The Interim Industrial Reconstruction Committees will 
be asked to advise the Board on (a) the quantity and kind 
of goods that can be absorbed by the industry ; (b) the 
steps that should be taken to minimise the dislocation of 
trade that might be caused by the release in large quanti- 
ties of marketable articles no longer required for war 
purposes. 

8. General . 

In addition to the above points, which will become of 
importance immediately upon the cessation of hostilities, 
Interim Industrial Reconstruction Committees are urged 
to invite the co-operation of trade organisations in con 
sidering other matters of a like kind which may affect the 
commercial and manufacturing needs of the trade and 
industry in the reconstruction period. 

Specimen Draft Constitution of an Interim Industrial 
Reconstruction Committee. 

1. The Interim Industrial Reconstruction Committee 

for the Industry promoted by the Minister 

of Reconstruction, the President of the Board of Trade, 
and the Minister of Labour will consist of equal numbers 
of representatives of Associations of Employers and Trade 
Unions. 

2. The Committee shall elect a Chairman either from 
amongst its own members or from outside. In cases 
where no agreement can be come to with regard to a 
Chairman, the Minister of Reconstruction will, at the 
request of the Committee, appoint a Chairman. 

3. The Committee shall take steps to provide itself with 
a Secretary and a place of meeting, but during the pre- 
liminary stages, may, if desired, meet at the Ministry of 
Reconstruction, who will provide temporary Secretarial 
assistance if desired, 

4. The functions of the Committee shall he those set 
out in the Memorandum circulated with the letter of 
invitation. 

5. At least one week's notice shall be given of meetings 
which shall be called by the Chairman or by the Secretary 
at his request. 

6. The Committee will cease to exist on the formation 
of a Joint Standing Industrial Council on the lines recom- 
mended by the “ Whitley ” Committee. 


PROCEEDINGS OF SOCIETIES- 

ROYAL SOCIETY. 

Ordinary Meeting , May 2, 1918. 

Sir J. J. Thomson, O.M., President, in the Chair. 

Pavers were read as follows : — 

“ Nerve End-cells in the Dental Pulp." By J. H. 
Mummery, D.Sc. 

The author has carried further his researches on the 
distribution of the nerves of the dental pulp. 

In a paper published in the Phil. Trans, for 1912, he 
demonstrated that the fibres from the nerve plexus in the 
pulp beneath the odontoblasts do not terminate at the 
inner margin of the dentine as described' by Huber and 
others, but that, although they form an open plexus 
around the odontoblast cells, they are also distributed to 
the dentinal tubes and enter the dentine in company with 
the dentinal fibril, but make no connection with it. 

Recent preparations with improved methods have 
demonstrated that the fibres from the deep plexus in the 
pulp pass to definite nerve end cells or peripheral nerve 
end organs wr.ich this method of staining has revealed at 
the inner margin of the odontoblasts, 


These end-cells are arranged in groups with slight 
intervals between them, and are provided with one long 
unbranebed process, the axon of the cell, which passes in 
a wavy course to the dentine, where it enters the dentinal 
tube, and with other processes, or dendrons, which divide 
and branch and are distributed to form the network of 
fibres around the odontob'ast cells. 

When stained with gold chloride the end-cells usually 
have a more or less stellate form, but are of very various 
sizes and combinations. They can be satisfactorily seen 
in Vw-ry thin sections only, and unless the reduction of the 
gold has been very complete they remain invisible. 

“ Nature of Groivthsin Colloidal Silica Solutions ." By 
H. Onslow. 

The late Dr. Charlton Bastian claimed to have syn- 
thesised certain symmetrical bodies, resembling Torula: 
and other minute organisms, from sterilised colloidal solu- 
tions which had been exposed for a long period to light. 
Further, be claimed that such organisms were capable of 
reproducing themselves. 

l'he author has repeated the experiments, using the 
special samples of sodium silicate reserved for and recom- 
mended by Dr. Bistian and following his directions in 
every detail. The greatest precautions were taken to 
avoid accidental contamination. 

1 he results obtained indicate that the method employed 
yields tubes which are absolutely sterile for all periods up 
to three years. 


PHYSICAL SOCIETY. 

Ordinary Meeting , Afrtil 26, 1918. 

Prof. C. H. Lees, F.R.S., President, in the Chair. 

A paper entitled “ Notes on the Puljrich Refractometer ,” 
was read by Mr. J. Guild. (Abstract). 

The paper deals with points to be obseived in the use 
and design of Pulfrich refractometers. A theoretical 
investigation of the various errors to which measurements 
are liable is included. 

A paper 11 On the Accuracy Attainable with Critical 
Angle Refractometers ," was read by Mr. F. Simeon. 
(Abstract). 

The three factors controlling the determination of a 
refractive index by means of a critical angle refracto- 
meter are, so far as the prism system is concerned, (i.) the 
angle of the prism, (ii.) its refractive index, and (iii.) the 
angle of emergence of the critical ray from the second 
prism face. Expressions are obtained for the variation of 
the required refractive index with each of these factors 
separately, and curves are given connecting these varia- 
tions with the angle of emergence from the second prism 
face for various prism angles. 

Discussion. 

(The two papers were discussed together). 

Mr. Simeon expressed interest in certain of the points 
mentioned in the first paper. He described the new 
graticule fitted by Messrs. Hilger. He was surprised that 
no reference to temperature measurements was made in 
the paper. 

Mr. T. Smith pointed out that the work which formed 
the basis of the first paper involved the measurement of 
some 2000 glasses, and was only possible where combined 
facilities for routine and research work were available on 
a large scale. He thought Mr. Simeon's corves should 
have been plotted against refractive indices instead of 
emergent angles. At present they were misleading. The 
mathematics could also be simplified. 

Mr. Lamplouu.h stid he could confirm the advantage 
of using different liquids with different glasses. He 
thought Hilgtrs new graticule very comfortable to use. 
What was Messrs. Hilger’s object in reveisii g ihe parts 
of the instrument ? 

Mr. Churcher referred ip the design of the Abbf 
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refractometer, and pointed oat the necessity for having 
the lower illuminating prism of dense glass as well as the 
upper pi ism. 

Mr. Guild replied to the points raised by the various 
speakers on bis own paper, and expressed his interest in 
the statements made by Mr. Simeon about some of the 
Icatures of Messrs. Hilger’s new instrument. He criticised 
Mr. Simeon's paper on the groand that he was not com- 
paring properly comparable quantities in the case of the 
different prisms, and that his conclusions and also those 
that would be drawn from his curves were unduly 
favourable to the qo J prism on this account. 

Mr. Simeon said he bad not bimselffound it misleading 
to use curves plotted to angles of emergence, and that be 
had found the curves most useful in many cases. The 
object in reversing the parts of the instrument in their new 
model was to bring all the adjustments within reach of the 
observer's right hand. 

Prof. Lees emphasised the importance of close co- 
operation between the users and manufacturers in order 
to evolve the most satisfactory installments for work of 
high accuracy. 

Mr. L. C. Martin (communicated remarks) thought the 
setting of the Pulfrich refractometer must be more sensi- 
tive to errors from causes such as irradiation, &c., than the 
symmetrical setting of the ordinary spectrometer. 

Mr. W. French (communicated remarks on Mr. 
Simeon’s paper) thought it would be useful if the author 
extended the paper to cover the factors that determine the 
accuracy in the actual use of the instrument in addition to 
those governing the first design. 

A paper entitled “ Cohesion" (fourth paper), by Prof. 
Herbert Chatley, was taken as read. (Abstract). 

The paper is the fourth of a series dealing with the sub- 
ject of cohesion. The aim of the present paper is to 
consider the value of molecular force as indicated by Van 
der Waals' gas formula (particularly at the critical state 
where the liquid and gaseous states merge), and to relate 
the results to the previous enquiry. 

Discussion. 

Dr. H. S. Allln (communicated) : — In this paper Prof. 
Chatley has pointed out a number of interesting 
relations depending on the equation of Van der Waals. 
It is more than doubtful whether any attempt to found a 
theory on purely central attractions and repulsions varying 
as some power of the distance can prove adequate to 
explain the facts. It is certain that the law of attraction 
at molecular distances is not that of the inverse square of 
the distance. In a lengthy series of papers in the 
Philosophical Magazine (18S7, xxiv., 113, 168; 1893. 
xxxv., 41 1), Sutherland, whose work has not received 
adequate recognition, has discussed the law of the inverse 
fourth power, and has pointed out the relation which it 
bears to the characteristic equations of Van der Waals and 
others. A useful summary ot work on the subject is given 
by W. C. McC. Lewis, in his ** System of Physical 
Chemistry” (Longmans, 1916). It may be mentioned 
that Lewis {Phil. Mag., 1914, xxviii., 104) has examined 
the connection between the internal pressure or cohesion, 
», in the equation— 

(p-f w) (i/^ b) - RT, 

and the dielectric capacity and permeability of a liquid. 
He has shown that the Obach Walden relation regarding 
the proportionality between the internal pressure and the 
dielectric constant follows from the hypothesis that mole- 
cular attraction is electro magnetic, not electrostatic in 
nature. That cohesion arises from the action of electric 
or electro magnetic lorces may be inferred from optical 
experiments. The I.orentz Fitzgerald hypothesis explains 
the negative result of the Michelson-Moiley experiment by 
a contraction of the material framework of the apparatus 
in the direction of its motion through the .ether. Such a 
contraction may be predicted from the standpoint of 
electro magnetic theory. There is therefore a strong pre- 


sumption that “ the forces of cohesion between the 
particles, which give a solid its rigidity, are electrical 
lorces” (Eddington, Xature, 1918, ci., 15). 


SOCIETY OF PUBLIC ANALYSTS AND 
OTHER ANALYTICAL CHEMISTS. 

Ordinary Mating, May t, 1918. 

Dr. S. Rideal, President, in the Chair. 

Certificates were read for the first time in favour of 
Mr. Edward Chapman and Mr. Herbert Savage, A.I.C. 

Certificates were read for the second time in favour of 
Mr. Denys Richard Wood, F.I.C., and Mr. Hubert James 
Llewllyn Parker. 

The following were elected members of the Society : — 
Messrs. Stanley Dixon, A.I.C. ; John Frederick Briggs, 
A.C.G.I. ; Robert Duncan Masson, F.I.C. ; and John 
William Hinchley, A.R.S.M. 

The following papers were read : — 

“ Factors effecting the Composition of Plant Ashes, tcith 
Special Reference to Tobacco." By O. D. Roberis, 
F.I.C. (Abstract). 

Appreciable amounts of sulphur and chlorine are shown 
to be lost during the incineration of tobacco by ordinary 
methods. Processes are given for overcoming inaccuracies 
in plant ash analyses due to carbon dicxidc, and the pre- 
sence in plants of both organic and inorganic chlorine, 
sulphur, ar.d phosphorus. 

“ Effect of Codeine in Hindering the Precipitation of 
Morphine by Ammonia from a Solution of its Lime Com- 
pound" By H. E. Annett, BSc., F.I.C., aod 
Hardayal Singh, B.Sc. (Abstract). 

The authors show that Indian opiums, when assayed by 
the process recommended in the British Pharmacopoeia, 
give results that are apparently low. They attribute the 
cause to the high codeine content of these opiums, and 
suggest a modification of the process by extracting the 
lime solution of the opium with toluene. 

Tables are given contrasting the results obtained by the 
original and modified methods. 

“ Analysis of Cocoa Teas" By Julian L. Baker, 
F.I.C., and H. F. E. Hilton, F.I.C. (Abstract). 

•• Cocoa shells,” sold either under their own or fancy 
names, are among the various food substitutes at present 
sold in this country. These shells are separated fcom the 
cocoa beans after roasting, and if sold as “ shells ” and at 
such a price as is reasonable compared with their whole- 
sale value, there can be no objection to their use, the 
present wholesale price being about ad. or 3d. per pound. 
The aothorsgive a table showing analyses and retail prices 
of various brands. 

• 

11 Estimation of Shell in Cocoa and Cocoa Products." 
By Julian L. Baklk, F.I.C., and Ii. F. L. Hulton, 
F.I.C. (Abstract). 

The authors point out the difficulties which confront 
chemists in estimating the small quantities of shell in the 
grades of cocoa mentioned in the Cocoa Order of 1918. 
Grade A is to contain not more than 2 per cent, and 
Grade B not more than 5 per cent of shell. It is pointed 
out that the available methods of estimating shell are not 
sufficiently accurate to differentiate between Grades A 
and B. 

The methods of estimating *»hel! in cocoa are discussed, 
and a considerable amount of analytical data are recorded. 


Institution of Petroleum Technologists. — At the 
next meeting, on Tuchday, May at 8 p.m.. Mr. 
J. Wilfred Burford will read a paper on “ The Application 
of Electrical Power to Oilfield Requirements.” 
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CORRESPONDENCE. 

DETERMINATION OF MANGANESE IN STEEL. 

To the Editor of the Chemical Newt. 

Sir, — Relative to the letter and paragraph in the 
Chemical News (vol. cxvii., p. 180) by Mr. Thomlinson 
on the determination of manganese in steel, I have earned 
out these determinations by the gravimetric and (bismuth- 
ate) volumetric methods of determination on the same 
sample. The results agreed within the limits of error. 

It has been my experience that in the asbestos used 
only Fe and organic matter which may be present will 
materially affect the volumetric method referred to, and 
precautions are usually taken to eliminate these from the 
asbestos used. These are chemical reactions, and I 
very much doubt that catalytic agents interfere 
materially with the procedure of the method referred to in 
your correspondent's letter, or even the likelihood of 
their presence in asbestos. — I am, &c., 

Joseph Shibko. 


energy could be produced at the rate of one-fiftieth of a 
penny per unit. The chief electrical engineer to the 
New Zealand Post and Telegraph Department doobts 
whether there is a more favoured spot in the world than 
Bowen Falls, and considers that nowhere in Germany, 
Norway, and Italy can electricity be generated more 
cheaply. — South African Journal of Science , xiv., No. 6, 
Literary Notes. — Messrs. Constable and Company 
will publish almost immediately a new edition, re-written 
and enlarged, of “Industrial Electrical Measuring Instru- 
ments, 1 ' by Kenelm Edgcumbe, a book which has been out 
of print for some little time. Among the sections enlarged 
in this new edition are those dealing with constructional 
details, power management, induction instruments, cur- 
rent and pressure transformers, and graphic instruments. 
The new edition contains no fewer than 260 illustrations 
and diagrams. Messrs. Constable will also publish almost 
at once “ The Production and Treatment of Vegetable 
Oils,” by T. W. Chalmers, in their “Engineer Series.” 
This work, which is fully illustrated, is one which should 
be in the hands of all those who are interested in this 
ncreasingly important subject. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 


Note.— A ll degrees of temperature are Centigrade unless otherwise 
expressed. 

Comptes Rendus Hebdomadaires del Seances de V Academic 
des Sciences . Vol. clxvi., No. 5, February 4, 1918. 
New Method of Preparing Nitriles by Catalysis. - 
Alphonse Mailhe and F. de Godon.— It is already known 
that aldehydes react in the cold with ammonia in pre- 
sence of ether or water, giving products which are 
generally solid. Thus, ethanal would give the alcohol 
amine CH 3 .CHOH.NH 2 . The authors have found that 
in presence of a dehydrating catalyst, such as thoria, 
ammonia reacts at a suitable temperature on the aldehydic 
oxygen giving rise to an imine, which, being unstable, 
loses hydrogen and yields a nitrile, — 

RCCh + nh J-> RCH “ NH RCN + H,. 

Thus, isoamyl nitrile can be obtained from isoamyl 
aldehyde. The same reaction can be applied to the 
aromatic aldehydes. 


miscellaneous. 

Pmash from Kelp in America. - It is stated that kelp 
is now being harvested by one concern near San Diego in 
California in quantity sufficient to supply three times the 
amount of potash annually imported from Germany before 
the war. A second plant of equal capacity has been 
established in the same vicinity, and a smaller plant has 
also been installed by the Government. Every working 
day 1500 tons of cut kelp are conveyed by ship to a 
crushing mill. A sticky gelatinous mass results, containing 
about 80 per cent of water, and can be pumped through a 
6-inch pipe to barges, and thence to digestive tanks of 
50,000 capacity each. The material is subsequently put 
through processes of evaporation.— South African Journal 
of Science , xiv., No. 6. 

Fixation of Atmospheric Nitrogen in New Zealand. 
—The Journal of the Royal Society of Arts (Ixv., 783) states 
that at the instance of the National Efficiency Board. New 
Zealand Government, a project for preparing nitrates from 
the air by the agency of some of the large falls in the 
south-western Rounds of New Zealand is under con- 
sideration. One of the simplest propositions is the utilisa- 
tion of the Bowen Falls, from which it is estimated 


'J'O comply with Regulation 8 (6) of the Defence ot the Realm 
Act, advertisement* from firms whose business consists 
wholly or mainly iu Engineering, Shipbuilding, or the production 
of Munitions of War, or of substances required for the production 
thereof, must include the words " No person resident more than 
ten miles away or already engaged on Government work will be 
engaged." 


f'hemical Laboratory Assistants (Lady) are 

^ required at a Gunpowder Factory. Applicants must have had a 
good education, including training in Elementary Science.— Address, 
“ Superintendent,” care of James Willing, Ltd., las, Strand, London, 

W.C.2. _ ’ 

r^hemist wanted, or Man accustomed to 

^ Chemical production, for shift work in controlled factory. One 
used to Analysis. Ineligible, discharged soldier preferred. Perman- 
ency. State full particulars and salary required —Address, S. M., 
Chemical News Office, 16, Newcastle Street, Farringdon Street, 
London, E.C. 4. 

I ady Assistant Chemist (wanted in Rugby 

district) who has passed either Inter. B.Sc., full B Sc., or Inter. 
A. I C. Examination ; Organic and Inorganic Analytical Work. Or- 
ganic includes large variety of Insulating and Electrical Engineering 
materials. Opportunity for progressive experience. Several Lady 
Chemists employed. No person already on Government work will be 
engaged.— Apply, giving training, copies of testimonials, to your 
nearest Employment Exchange, quoting No. A 5221. 

Vfetallurgical Chemist for Controlled Works 

^ on North-East Coast, with sound knowledge of the Ana- 
lysis of Copper Alloys. Must have had experience with quick 
Electrolytic Methods of Analysis. The vacancy offers excellent post- 
war prospects to areally live man who is not afraid of work. No 
applicant will be considered under twenty-four years of age.— Write, 
giving full particulars of experience, staling age and salary required, 
to the nearest Employment Exchange, mentioning the Chemical 
News and No. A 5151. No one at present on Government work need 

apply- _ 

\A/ T ° r ^ s Analytical Chemist required. One 

’ ’ conversant with Soap Manufacture, Nicotine Extractions, and 
Agricultural and Horticultural Preparations. State full particulars 
and salary required.— Address, W. A , Chemical News Office, 16, 
Newcastle Street, Farringdon Street, London, E.C. 4. 


VyOMEN CHEMISTS, with University 

* V trainiug or its equivalent, required for ANALYTICAL 
WORK at salary of £175 per annum, in Government Department in 
South of England. Previous experience in Technical Analysis not 
necessary. Annual and sick leave allowed. Other women chemist , 
employed. Salary to be increased to £i 00 per annum at cud ol : tx 
months if services found to be satisfactory. — Address, C. W , 
1 hemic a l News Office, 16, Newcastle Street, Farriugdou Street, 
London, E.C 4. 

V/W’anted for the Laboratory of large Chemical 

* * Factory engaged ou War work, well-trained aud experienced 
Analysts. Accurate and systematic workers required. Vacancies 
exist for both Senior and Junior positions, male and female.— Ad- 
dress, ” S. n,” Chemical News Office, 16, Newcastle Street, Far- 
ringdon Street, Loudon, C. 4. 
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NITROGEN AND ITS COMPOUNDS.* 

By HORACE FREEMAN, Niagara Falla, Oat. 

1 m tbi early days of the war when Admiral Von Spec 
with bit squadron of German ships sailed the Pacific 
Ocean from Alaska to the Falkland Islands and defeated 
Sir Christopher Craddock at the battle of Coronel, tew 
people actoally realised the significance of his movement 
and the danger in which the Allies were placed by bis 
temporary blockade of the coast of Cnile. Chief among 
those who did, however, was Admiral Sturdee, upon whom 
some critics placed the blame for Craddock being outclassed 
in ships and gone, and who btmseif set sail secretly to 
meet the victorious Germans and accomplish their com- 
plete defeat at the Battle ot Falkland Islands. 

For in Chile lies the world’s one great natural deposit 
of combined nitrogen, and upon this even yet the Allies 
are dependent for their supply of explosives and fertilisers. 
It is an open question whether or not Von Spee hoped 
successfully to maintain this blockade, but possibly be 
expected aid from Germany for this purpose. Certainly 
had he succeeded in capturing the Falkland Islands and 
maintaining a base of operations there effectively be could 
have captured or sunk a great portion of the ships carrying 
nitrate from Chile to Europe. 

There is this difference between the Allies and the 
Central Powers, that whereas the Allies are almost com- 
pletely dependent upon the natural nitrate of Chiic lor the 
production of explosives and many other important sub- 
stances necessary for our welfare, the Central Powers 
manufacture theirs from the nitrogen of the atmosphere. 

Nitrogen is one of the most abundant elements, for it 
comprises 75 per cent of the atmosphere which we breathe. 
It is also one of the most inactive or inert, as chemists say ; 
that is to say, it possesses no disposition to combine 
readily with the other elements which go to make op the 
Universe, and it is this inertness which has occupied 
scientists for nearly a century. The abundance of 
nitrogen haa long been known, but the importance ol 
compounds of nitrogen has only forced itself upon us 
within the last twenty-five years, and has only become 
acute since the beginning of the war. 

The element nitrogen is the most important of all plant 
foods. Few plants are able to absorb it directly from the 
atmosphere ; among these few are peas, beans, vetches, 
and clover. Their action is exceedingly slow, too slow 
for the present-day demands of agriculture, which cannot 
afford under modern conditions to have a large percenta|e 
of ground devoted to the growth of leguminous plants in 
order later to plough these in, so to supply food crops of 
a more important nature with the combined nitrogen 
necessary for profitable yields. Food crops grown in 
succession rapidly remove the nitrogen from the soil. 
This nitrogen gives os oor nourishment and to a very 
large extent gauges the value of food. This is true even 
of the flesh we consume, for it also obtains its nourish- 
ment from the soil. 

Stable manure applied to the soil supplies some of the 
nitrogen in the form ot compmnds which are available to 
plants, but this method of fertilisation is at best a very 
inefficient return to the ground of that which originally 
came from the ground. 


* An Address read before the Board of Trade of Niagara Falls, Ont. 
The author spent several years in research work ia Englaod op an the 
prod action of cyanides from nitrogen, and sortie years in research 
work 00 the same subject in Canada. Hs is now in charge of the 
cyanide department of the Ante ican Cyunamid Co.'s works st 
Niagara Falls, Ont. From tbs Canadian Cnrmual Journal, ii , No. 4. 


Coal contains nitrogen, and a portion of this is available 
in the form of ammonium compounds which are obtained 
from gas-works and coke-ovens, but even this source of 
suitably combined nitrogen, vast as it is, does not nearly 
supply the agricultural demand to say nothing of the 
multitude of other requirements. Moreover, the cqst of 
obtaining this nitrogen trom the coal in forms in which it 
can be told, whilst not prohibitive* is such that cheaper 
and more abundant supplies must be obtained to meet the 
rapidly increasing demands. Fertiliser most be cheap, 
the chesper and more abundant it is the better for the cost 
ot living. 

Thus it is that the great deposits of nitrate of soda in 
the soil of Chile have been developed from a production 
of 900 tons in 1830 to a production of 2,500,000 tons in 
1912. The soil in certain rainless districts in Chile con- 
tains from 7 to 20 per cent of sodium nitrate, which is 
supposed to be the result of decay of the vast beds of sea- 
weed carried by the storms of the Pacific on to the land, 
which has since been upraised by subterrestnl action until 
it lies on a high plateau, safe from the action ol the sea. 
Tne nitrate is extracted from the toil by the simple 
method of dissolving it in water. These deposits ol Cmle 
are by far the largest in the world, and it is unnkely that 
any other of a similar nature will be found. Toey have 
been exploited by British and German capital, and luckily 
tor ua the fight for control in this field was not won by 
Germany. 

Cmlean nitrate betides being the great source of fertiliser 
nitrogen supplies the Allies with by far the major portion 
of m xed nitrogen which enters into the composition of 
all military explosives, and without it the Allies would be 
fighting a very p jo* defensive and their big guns would 
be useless. All modern explosives are made with nitric 
acid, and all the nitric acid used in England and France at 
the outbreak of war was made from Chilean nitrate, and, 
in fact, practically all the acid used by them to-day is 
obtained from the same source, thanks to the Navy. 

But many years ago Germany realised that she coold not 
hope to conduct a great war if she were not independent of 
this raw material lor her explosives, and her scientist! have 
received the encouragement of their Government in their 
endeavours to find means whereby in case of blockade their 
country woold be able to supply its soldiers with food and 
munitions independently of any outside source. This was 
part of their preparation for “ the day,” and we know 
only too well how successful they have been in this 
direction. 

The nitrogen of the air is their raw material. Scientists 
of all the great nations have sought for a century the 
means whereby this great reservoir might be made to 
yield its life sustaining and life protecting element nitrogen 
in forms suitable for the purposes mentioned. Before tbe 
war the increase in the world's population urgently 
demanded tbe solution of this problem, but nowhere was 
its solution sought so energetically and imperatively as in 
Germany, whose Empire is not so large as the provinca 
Ol Ontario. 

The Chilean deposits cannot last for ever. It is thought 
that they have reached the maximum development and in 
fifty or a hundred years will be played out. In any case 
the cost of producing nitrate ft om tbe lower grade 
deposits is bound to increase, while the world's demand 
for combined nitrogen is increasing move rapidly than the 
population as tbe uses of nitrogen compounds become 
more and more manifold. 

A few figures compiled by Sir William Crookee in 1898 
will show bow imperative it is that cheap and vast 
quantities of fertiliser be available for tbe nse of the 
world's population. 

He calculated that there were 515,000.000 bread eaters 
in that year, and they were increasing at tbe rate of 
6,000,000 a year. Each of these consumed 4-6 bushels 
ol wheat, end tbe tverage yield per acre of ground under 
cultivation was 12 8 bushels. 

By 1941 the wheat fields of tbe woild woold cover 
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292,000,000 acres in order to feed 619,000,000 bread eaiets 
with bread alone. This calculation concerns only wheat 
consumption ; it does not take into account the meat and 
many other kinds of food which we eat. 

Such figures make us wonder how the population of the 
world five centuries hence will derive its sustenance, but 
Nature provides a solution for all problems of this kind. 
In the ordinary course of life man does not setk these 
solutions until circumstances force the necessity upon 
him. The nitrogen problem is one of the great excep- 
tions, and to-day we may safely say that the means are 
at hand, in operation in fact, whereby we may draw upon 
the vast and limitless stores of nitrogen in the atmosphere 
for our purposes. 

Tne air over each square mile of the earth’s surface 
contains about 20,000,000 tons of nitrogen in the elemental 
or uncombined state. The world is using this amount of 
nitrogen in the form of chemical compounds every fifty 
years at the present rate of consumption, and up to the 
last ten years practically none of this has been derived 
directly from the atmosphere. 

Recognition of these facts has been brought to the 
attention of the countries of Europe and America by the 
demands of warfare in a manner that has caused each 
country to seek to provide the means within its own | 
boundaries of securing its foodstuffs and munitions from 
the storehouse which has no boundaries to blockade. 

A veritable army of workers in most branches of science 
have contributed to the solutions now at hand. The 1 
credit does not belong to any one man cr country. It is ' 
but natural to expect the practical solution to have come 
from those countries possessing the most congested popula- 
tions, but the practical solution of necessity only followed 
the result of pure scientific research conducted wherever 
research institutions could be found. 

Early Attempts to U tilise Atmospheric Nitrogen . 

The earliest attempts to utilise the nitrogen of the 
atmosphere were made with the ob : ect of producing 
Prussian blue, which is used chiefly for calico printing 
and as ordinary laundry blue. The first process was 
carried out in Paris, and in Newcastle by B/amwell and 
Company in 1838, and consisted in passing air over a 
mixture of charcoal and carbonate of potash, in retorts at 
a high temperature. By this means potassium cyanide 
was obtained in the product, and this substance was then 
converted to potassium ferrocyanide by bo ling with a 
compound of iron. The potassium ferrocyanide was then 
used for the preparation of the blue. 

This process has been revived with many improvements 
up to the present day and always with the same result, 
positive commercial failure due to the reluctance of the 
nitrogen to combine with the chemicals used for the pur- 
pose, the short life of the plant due to the fluxing action 
of the alkaline potash on the retorts or furnaces at the 
temperature above a red beat and the high working cost 
on a product containing only a very small amount of com- 
bined nitrogen. 

An attempt was made about i860 by Marguerite and de 
Sourdeval to use barium carbonate for the same purpose 
in place of the potash in order to prolong the life of the 
apparatus. It proved very much more successful as an 
absorbent of nitrogen, and a much richer product was 
obtained. But still the retorts which were externally 
heated had a very short life, and this method was 
abandoned. It was revived again by the Scottish Cyanide 
Company about 1895, which used a mixture of barium 
carbonate and coal, heated internally by a current of 
electricity passed through it in the retorts. Nitrogen in 
the form of producer gas was passed through the heated 
mass and was absorbed to a considerable extent. The 
product contained both barium cyanide and barium 
cyanamide. The cyanide only was extracted and the 
cyanamide was wasted ; consequently the process was 
not commercially successful. 

The results of this work and much other of a similar 


nature ntveitheless proved so encouraging that more 
workers came into the field. At this period the intro- 
duction of the cyanide process of extracting gold and silver 
created a demand for &odium and potassium cyanide, and 
this foimed the chief encouragement for many workers in 
France, England, and Germany. 

In England, despite the failure of Marguerite and de 
Sourdeval, the barium process was revived once more, 
using externally heated retorts made of graphite. Even 
thess costly pieces of apparatus would not stand up under 
the action ot the semi fused masses, and this process has 
now been finally abandoned. 

T he Discovery of Cyanamide. 

In Germany the chemists Prank and Caro, still seeking 
a cheap method of producing cyanide, sought to pass 
atmospheric nitrogen over various metallic carbides, and 
their patents describe the use of barium and calcium 
carbide for this purpose and even of alkali metal carbides. 
The alkali metal carbides it may be mentioned do not 
exist, and there are good reasons for believing that they 
will never be prepared except as chemical cusiosities. 
However, Frank and Caro concentrated upon the use of 
the chief calcium carbide with the sole object of producing- 
calcium cyanide, a substance which cannot exist in the 
dry state. Their product they eventually found to be 
calcium cyanamide. Its value as a solvent for gold and 
silver is nil, but its value as a fertiliser was soon proven, 
and Frank and Caro realised that they had solved the great 
problem — the production of nitrogenous fertiliser from the 
nitrogen of the atmosphere. They immediately abandoned 
their object of cyanide production and develooed the 
manufacture and u:$e of calcium cyanamide for a fertiliser, 
this being by far the larger prize. 

The Development of the Arc Process . 

The atmosphere contains oxygen mixed with nitrogen, 
and contemporaneously with the work of Frank and Caro 
many attempts were made to convert the atmospheric 
mixture into a chemical compound by bringing these two 
gases into chemical union. The earliest observation in 
this connection is that ot Cavendish made in 1785, who 
found that when electric r-parks were passed through air 
an acid was formed. The explanation of this phenomenon 
was published by Bunsen in Germany in 1857, and it is 
the same principle which is U6ed to-day on a large manu- 
facturing scale in Norway, as a result of a century of 
research. It is interesting in this connection to find that 
the very first industrial attempt to make use of this re- 
action was made by a Frenchwoman, Madame Lefebre, 
of Paris, who secured a patent in England in 1859, covering 
the production of nitric acid from the atmosphere by 
means of electrical discharges. 

This method of utilising the atmosphere was destined 
to wait upon the results of practical application of 
hundreds of clever inventions. Its history is the history 
of electrical development. The fir*t large scale develop- 
ment was erected at Niagara Falls. The means adopted 
here under the patents of Bradley and Lovejoy consisted 
in passing the air through millions of electric arcs which 
rapidly heated it to a high temperature. The cost of 
power even at Niagara Falls and the wear and tear of the 
apparatus caused this works to close in 1904. 

At this same period the process received the attention 
of two Norwegian scientists, Birkeland and Eyde, who 
used the electric arc placed between the poles of a power- 
ful electric magnet. Under these conditions the arc 
makes a disc of flame and maintains itself in rapid motion, 
and is greatly enlarged. This gave an advance in the 
economy of power, but although the original works built 
by Birkeland and Eyde in Norway have developed to a 
very large scale the consumption of energy is too great to 
admit of the process being developed in America. It owes 
its success in Norway to the easy and cheap electrical 
development of natural cascades close to the Norwegian 
tidewaters. At this Norwegian works the air is passed 
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rapidly through a series of arcs and is rapidly cooled. 
35,000 cubic feet of air are used per minute and brought 
to a temperature of 3000° centigrade, a temperature which, 
if observed with the naked eye, would soon render one 
blind. After the gases are cooled they contain nitric 
oxide as a result of the union of the oxygen and nitrogen, 
and this is absorbed in lime to form calcium nitrate or 
is absorbed in water to make nitric acid. A large portion 
of the output is made to combine with ammonium 
nitrate, a substance which has wide use in the explosive 
industry. 

The two processes just outlined — the cyanamide process 
and the arc process— both require considerable amounts 
of power for their commercial operation, the arc process 
requiring five times the amount of power that the cyan- 
amide process demands in order to produce the same 
quantity of fixed nitrogen. Consequently they are both 
unsoited for countries such as England and Germany, 
which do not possess the means of producing power in 
competition with more favoured regions of Europe, such 
as Norway, France, and Northern Italy. Germany would 
doubtless like her place in the water as well as in the sun, 
but, to give her credit, she has sought means for combining 
nitrogen without the use of large amounts of power, and 
England, too. under the incentive of war conditions, is 
now vigorously researching to the same end. Germany 
has produced the Haber process, which requires only 60 
per cent of the power used by the cyanamide process. 

The Habtr Process. 

The Haber process causes nitrogen prepared from the 
atmosphere to combine with hydrogen gat, forming 
ammonia from which fertilisers and explosives are pre- 
pared. The method is receiving a trial in England, but 
its commercial success has not been definitely established 
under conditions of peace. The details of its operation 
are not widely known, but the nitrogen and hydrogen 
gases used must be extremely pure and free from oxygen. 
Tney are compressed into steel cylinders under a pressure 
of eighteen hundred paunds to the square inch. These 
cylinders hold what is called a catalytic agent, in this case 
uranium, osmium, or metallic finely-divided iron, and 
they are heated to a low red heat. Under these con- 
ditions the gases combine to form ammonia, which as it 
issues from the cylinders may be condensed to make 
anhydrous ammonia, or oxidised by admixture with air 
and passing over heated platinum gauze to form nitric 
acid, a process described later. 

The high pressure used and the nature of the gases 
require the closest supervision of the Haber process, and 
as explosions are somewhat frequent the apparatus is fitted 
with an eliborate system of automatic alarms and bells to 
give warning of any untoward happening in the compres- 
sion plant, which is placed out of doors in concrete pits. 
The capital outlay on the plant is larger than that requited 
or the cyanamide ptocess or the arc process. Tne sole 
product of the Haber process is ammonia. To make it 
available in forms which are demanded by explosives 
manufacturers the ammonia gas must undergo a process 
of oxidation known as the “OuwalJ process. " It is 
thereby converted to nitric acid. 

Nitric acid may be produced from any pure ammonia 
gat irrespective of its source. Calcium cyanamide 
is now in successful commercial use as a source of am- 
monia gas for this oxidation process, so that a great out- 
standing benefit of the development of the cyanamide 
industry in America is that this country has the means at 
band fully developed for supplying its munition makers 
with their nitric acid and ammonia nitrate. Tnis without 
lots of time for experimentation on only partially developed 
processes. 

Of the three processes for fixing atmospheric nitrogen 
the cyanamide process has received the greatest develop- 
ment, and a number of reasons account for its success. 
The ease and rapidity with which calcium carbide will 


absorb nitrogen, the high percentage of nitrogen in tba 
product, and more than ail the facility with which cyan- 
amide may be converted into practically all the forms of 
nitrogenous compounds in common use to-day, and even 
many others which are not in common use, give this 
process an advantage and unquestionable stability over 
the arc and Haber process. 

Establishment of the Cyanamide Process in America. 

The cyanamide process requires large amounts of cheap 
electrical energy for its operation, and for this reason it 
has not been developed in England, which hat no water- 
powers, although the improvements in steam engineering 
and gas engine developments might yet allow of its intro- 
duction there, especially if some concerted movement 
should take place for the more direct development of 
power at the coal-pit or even in the mine itself. 

The cyanamide process is the best adapted for the con- 
ditions and requirements of North America, and was 
chosen after exhaustive investigation of the different pro- 
cesses in Europe, in 1907 by Mr. Frank S. Washburn, 
who went abroad with the object of securing the most 
effective process in order to make a profitable market for 
a proposed power development in Alabama. The patent 
rights were purchased for this purpose in 1907 by the 
American Cyanamid Company. 

The establishment of the first and at present only 
factory for the fixation of atmospheric nitrogen in 
America or the British Empire at Niagara Falls, Canada, 
by this company was due to the failure of negotiations for 
tne development of hydro-electric power in the United 
States, and to the cheap power offered at that time in 
Canada. When in 1913 capital was obtained in London 
for the extension of the industry to Alabama, where it was 
originally intended to go, similar conditions prevailed, and 
the Canadian plant was extended by the expenditure here 
of some millions of dollars. There is at present practically 
no market in Canada for the products of the plant, which 
find their way to the United States and England, chiefly 
at present in the form of materials for munitions of war, 
but its operation has been of inestimable benefit to Canada, 
and particularly to the community of Niagara Falls. The 
factory has been enlarged by additions of capital to a 
possible capacity of 64.000 tons of cyanamide per annum, 
and it is a matter of regret for ourselves, as well as for 
the Company, that owing to the shortage of power the 
Hydro Commission has reduced the power available for 
this important manufacture of fertiliser and exploaivet 
materials. 

Since the commencement of operations in 1909 the 
American Cyanamide Company has energetically sought 
the maximum development of the possibilities of cyan- 
amide in many fields, and at this plant a great amount of 
technicsl work has been carried on under the direction of 
Dr. W. S. Landis, and the use of cyanamide has been 
extended into many arts. The plant it up to-date in every 
respect. Its employees are better paid than those of any 
other similar factory, and their welfare is taken care of by 
a very effective safety committee, whose endeavours have 
made conditions of working far better than those in the 
majority of chemical factories. 

(To be continued). 


Literary Intelligence. — Miss M. M. Mitchell, of the 
Regent Street Polytechnic, author of several cookery 
books, has prepared another under the title of 11 Cookery 
under Rations." It contains over 200 war time recipes 
adapted to the present restrictions of food, and amongst 
the special features are ec nomy of fats, fatlcss puddings, 
fatless pastries, and other dishes for the reduced fat 
rsti^ns, &c. In addition, the economy of fuel is dealt 
with fully. Messrs. Longmans, Green, and Co. will 
poblish the book within the next few days at the price of 
2t. net. 
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THE NEUTRAL AMMONIUM SALTS OF 
ORGANIC ACIDS AND TJHE;R SUBSTITUTED 
DERIVATIVES.* 

[Seventh Communication]. 

Br LB ROY MoMASTER and LBTA WRIGHT. 

This work is a continuation of the preparation and investi- 
gation of the properties of neutral ammonium salts of 
organic acids and their substituted derivatives. The salts 
described in this paper were prepared by the same general 
method as was used in the previous investigations, i.e., by 
passing dry ammonia into solutions of the acids in 
anhydrous organic solvents. We have thus prepared and 
studied the ammonium salts of 1 . 2 . 3 methylbydroxy- 
benzoic, 1.3. 4-metbylhydroxy benzoic, 1.4. 3- methyl- 
hydroxybenzoic, 1.2.4-dihydroxybenxoic, 1.2 5 dtbydroxy- 
benzoic, z . 2 4-dinitrobenzoic, o-nitrocinnaraic, m-nitro- 
cinnamic, ^-nitrocinnamic, «-naphthoic, /8-naphtboic, m- 
nitrobenzenesulphonic, m-aminobenzenesulphonic (met- 
anilic), z .2.4 nitrotoluenesulphonic, z . 4-naphthylamine- 
sulphonic (naphthionic), z . 4-naptuholsulphonic, z . 5* 
naphtholsulphonic, benzilic, oxanilic, and phenylpropiolic 
acids. After the salts were precipitated and tested for 
neutrality they were quickly filtered by suction, washed 
with anhydrous ether, and allowed to stand for a short 
time in a vacuum desiccator. 

(Note. -For previous papers on this subject see Am. 
Chem. yourn., 1913, xlix., 84 ; Chemical .news, Z913. 
cviii., 136 ; Am, Chtm, yourn ., 1913, xlix., 294 ; 
Chemical News, 1913, cviii., 182, 193; yourn. Am, 
Chem, Soc.. 1914, xxxvi., 742; Chemical News, 1914, 
CX., 212; yourn. Am. Chem. Soc., 1914, xxxvi., 1916; 
Chemical News, 1914, cx.. 224 ; yourn. Am. Chem. 
Soc., Z915, xxxvii., 2181 ; Chemical News, Z915, cx«i., 
187; yourn . Am. Chem. Soc., 1916, xxxviit., 1785; 
Chemical News, 1916, cxiv., 217, 224, 238). 

Substituted Benzoic Acids. 

Methylhydroxybenxoic Acids. — There are ten acids of 
the formula CH 3 C6H 3 (OH)CO a H known ( Ber ., 1883, 
xvi., 1966), and are sometimes called the cresotinic acids. 
We have been able to procure from Kahlbaum the z- 
metbyl-2 hydroxyl-carboxylic acid, the z - methyl - 3 - 
hydroxy-4-carbcxylic acid, and the i*methyl-4-hydroxy-3- 
carboxylic acid. All three of them gave neutral am- 
monium salts. 

Ammonium Salt of the i-Methyl-2-hydroxy Acid . — 
Hubner worked with some of the salts of this acid, but not 
with the ammonium salt ( Monatsh ., 1894, xv., 725). No 
record can be found of its preparation. A very stable salt 
is formed when an ether solution of the acid is saturated 
with dry ammonia. It dries in the form of pink-tinted 
needles which tend to adhere to each other to form cotton- 
like masses. The salt is exceedingly soluble in ethyl 
alcohol and will not precipitate from a mixture made of 
equal parts of alcohol and ether. It is also soluble in 
methyl alcohol and acetone, slightly soluble in ethyl 
acetate, and insoluble in ether, chloroform, and benzene. 
The aqueous solution of the salt does not hydrolyse. The 
salt is not hygroscopic and does not lose ammonia when 
dried at zoo°. Moist air causes it to lose ammonia 
lowly. 

Calculated for CH 3 .C6H 3 (OH)CO a (NH 4 )— N, 8 29 per 
cent; found— 831 percent. 

Ammonium Salt of the i- M e thy l- y hydroxy Acid. — No 
reference to this salt is made in the literature. A quanti- 
tative yield was obtained when it was precipitated from an 
ether solution of the acid. It formed in beautiful pure 
white needles which, like those of the preceding salt; 
formed into lustrous cotton-like masses. When the 
ammonia was passed into the acid solution an amorphous 
semi transparent mass formed at first, which very soon 

» From the Journal of the American Chemical Society, xl., No. 4. 


changed to a voluminous precipitate of needles which are 
not deliquescent. The salt is soluble in methyl and 
ethyl alcohols and acetone, slightly soluble in ethyl 
acetate, and insoluble in ether and benzene. It is not 
quite as stable as the preceding salt, since moist air 
decomposes it rather readily. Dry air at 50° for one hour 
has no effect on the salt, while at ioo° it decomposes 
slightly within thirty minutes. Its aqueous solution 
remains neutral and the salt does net hydrolyse. 

Calculated for CH 3 .C6H 3 (OH)CO a (NH 4 )-N, 8 29 per 
cent ; found— 8*27 per cent. 

Ammonium Salt of the i-Methyl-y hydroxy Acid . — 
When ammonia was passed into an ether solution of the 
acid there was first formed an amorphous mass, which 
soon changed to a white cotton-like mass of needles. 
This was similar to the action taking place in the pre- 
paration of the two preceding salts. We attempted to 
prepare this salt also in an ethyl acetate solution of the 
acid, since we had found that the t . 2 . 3- and z . 3 . 4-salta 
were only slightly soluble in that solvent. No yield was 
obtained as the salt was found to be readily soluble in 
ethyl acetate. It is also very soluble in water, methyl snd 
ethyl alcohols, and acetic acid, but only slightly soluble in 
benzene. It is not hygroscopic and its neutral aqueous 
solution does not hydrolyse. 

The salt is a little less stable than its two preceding 
isomers, but even as that it is quite stable. At ordinary 
temperatures it does not decompose in dry air, and when 
heated at 50° for one boor it decomposes but slightly. 
Moist air at ordinary temperatures decomposes it slowly. 
When heated to ioo° the salt decomposes into ammonia 
and the acid. The literature makes no mention cf thia 
salt so far as we can find. 

Calculated for CH 3 .C6H 3 (OH)CO a (NH 4 )-N, 8 29 per 
cent ; N, 8 30 per cent. 

All three of these salts have a faint phenol odour, which 
is also characteristic of the free acids. It should be noted 
that all of them precipitate from ether solutions of the 
acids in the form of needle like crystals. It has been 
found that a majority of the ammonium salts prepared in 
ether form as non-crystalline bodies. 

Dihydroxy benzoic Acids. 

Ammonium 1.2. 4- Di hydroxy benzoate. — Since the acid 
is called resorcylic acid, another name for the salt would 
be ammonium resorcylate. The acid formed an orange- 
red solution with ether, from which the salt precipitated 
as a delicately coloured pink powder. It precipitated 
immediately and in rather voluminous quantities. Tbia 
delicately coloured salt shared with the free acid the 
property of making highly coloured solutions. With water 
a light brown solution was formed, which, upon the 
addition of sodium hydroxide solution, changed to a dark 
rich red-brown colour. Ammonium resorcylate is soluble 
in both methyl and ethyl alcohols, but is insoluble in ethyl 
aettate, ether, benzene, and acetone. It decomposes 
slightly in dry air at 50° after forty minutes, and rapidly 
gives ofi ammonia when the temperature has been zoo° 
for half-an-hour. Its solution with water remains neutral 
for some time. The salt is not hygroscopic. 

Calculated for C6H 3 (OH a )CO a (NH 4 ) -N, 8-zg per cent ; 
found— 8 25 per cent. 

Ammonium 1.2. 5 - Dihydroxy benzoate or Ammonium 
Gentisate. — The acid formed with ethyl acetate a daik 
brown solution, from which ammonia precipitated a dark 
gelatinous pasty mass; but on shaking and on further 
addition of ammonia, this gelatinous mass was replaced 
by a light brown amorphous powder. The colour became 
lighter, and when precipitation was complete the pre- 
cipitate was almost whire. When it was dried and 
powdered it was a very slightly coloured substance, but 
after standing for five months the colour was somewhat 
darker, probably on account of slight decomposition. 
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The salt forms a neutral eolation with water, and is 
soluble in acetic acid and methyl alcohol, slightly soluble 
in ethyl alcohol, but insoluble in ether, ethyl acetate, 
bensene, and chloroform. Ace'one very slightly dis- 
solves it. It does not lose ammonia on exposure to dry air 
at 50°, and even at ioo° there is but very little loss after 
some length of time. The salt is not deliquescent. 

Calculated for C6H 3 (OH)aCO a (NH 4 )-N, 819 per cent *, 
found— 8- 19 per cent. 

* A Dinitrobtnsoic Acid . 

Ammonium 1.2.4 -OinitrobcnsoaU. — The ammonium 
1.3. 5-dinitrobenxoate has been prepared in the laboratory 
of Washington University in ether solution, and found to 
be a white amorphous powder, having a slight yellowish 
tinge ( Joum . Am. Ckcm. Soc. t 1915, xxxviii., 2187). 
We have also prepared the 1.2.4 salt in ether. When the 
ammonia was passed into an ether solution of the acid a 
transparent yellowish gelatinous mass was first formed. 
This soon changed to a yellowish white fiocculent pre- 
cipitate and then to an amorphous powder. After drying 
the salt was found to have the same colour as the 1*3*5* 
body. It is not as stable in the air as the latter salt, for 
it gives off ammonia very slowly in dry air and rapidly in 
moist air. The temperature of the dry air does not seem 
to affect the rate of decomposition of the salt. The 1.3-5* 
salt is stable in dry air, and loses its ammonia only very 
slowly in moist air. Neither salt is deliquescent. The 
aqueous solution of the 1.3.5 salt does not hydrolyse even 
on standing for several days, while that of the 1.2. 4* salt is 
neutral at first but becomes acid after several hours. A 
peculiar difference between the two salts is to be observed 
in their solubilities. The 1.3. 5-salt is soluble in all the 
ordinary organic solvents except ether, though not very 
readily in acetone ; the 1 . 2 . 4-salt is practically insoluble 
in all the organic solvents except methyl alcohol. 

In determining the ammonium nitrogen high results 
were always obtained so we made determinations of the 
total nitrogen. 

Calculated for C6Hj(NOa)aCOa(NH 4 )-Total N, 18 35 
per cent ; found— 18 32 per cent. 

The Nitrocinnamic Acids . 

Ammonium o-SitrocinnamaU. — The free acid was found 
to be insoluble in all the usual organic solvents except 
acetone, in which it is very slightly soluble. Moreover, 
the ammonium salt is very soluble in most of the solvents, 
except ethyl acetate and bensene in which it is insoluble. 
Acetone dissolves the salt but slightly. 

When ammonia was passed into a suspension of the a:id 
in ethyl alcohol, a precipitate formed which went into solu- 
tion at once. It could not be reprecipitated by any reagent 
obtainable since its solubility in ethyl alcohol is so great. 
When a suspension of the acid in ether was saturated with 
ammonia a yellow amorphous precipitate, lighter in colour 
than the free acid, which has a rich yellow colour, was 
formed. Tests for neutrality and analysis proved this 
precipitate to be the neutral ammonium salt. The salt is 
not deliquescent and its aqueous solution does not 
hydrolyse. In dry air the salt does not lose ammonia, 
but does so in moist air. 

Calculated for CsH6(NOa)CO a (NH 4 )— Ammonium N, 
6 67 per cent ; found— 6 62 per cent. 

Calculated for C 9 H lo Na 0 4 — Total N, 1333 per cent; 
found— 13*31 per cent. 

Amsnonium mNitrocinnamatc.—Tbe (tee acid is in 
soluble in the organic solvents, except in ethyl acetate. 
When an ethyl acetate solution of tbs acid was saturated 
with ammonia a white curdy mass formed, which changed 
almost at once to a very fine non-crystalline substance. 
It was very difficult to dry this precipitate. It was not 
possible to drain off the solvent, even with strong suction ; 
so the pasty mass was placed for about an hour in a 
vacuum desiccator. It was then ground to a fine chalky 


powder, which loses its ammonia very slowly in a moist 
atmosphere. The salt is not hygroscopic, and its aqueous 
solution remains neutral for several hours. The salt was 
found to be a rather difficultly soluble compound. It is 
most soluble in acetic acid, and only sparingly so in water, 
methyl alcohol, and acetone. It is insoluble in ethyl 
alcohol, ether, and benzene. 

The salt decomposes very slowly in hot dry air. At 50^ 
for thirty minutes the decomposition is slow, but at ioo° 
for fifteen minutes ammonia is rapidly given off. Analysis 
of the salt prepared in ethyl acetate proved it to be the 
neutral body. 

Calculated for CsH6(NOi)COa(NH 4 )— Total N, 13 33 
per cent ; found— 13*34 per cent. 

Ammonium v-Nitrocinnomate.— As in the two preceding 
cases difficulty was encountered in getting the acid into 
solution. The acid was so very slightly soluble in all the 
organic solvents that we tried a suspension of it in ethyl 
alcohol ; but, as was the case with the o-salt, this am- 
monium salt was so soluble in the alcohol that it would 
not precipitate nor could we precipitate it by adding large 
amounts of other solvents to the alcohol solution. When 
a suspension of the acid in ether was tried we obtained a 
fine yellow powder of the neutral ammonium salt. This 
salt was soluble in water with difficulty, readily soluble in 
methyl alcohol, ethyl acetate, and ethyl alcohol, slightly 
soluble in acetone, but insoluble in ether, chloroform, and 
benzene. It decomposed at 50°. The salt is not bygro* 
scopic and its aqueous solution hydrolyses very slowly. 

Calculated for C|H«(NOa)COa{NH 4 )— 4 Total N, 13 33 
per cent ; found— 13*32 per cent. 

Most of the neutral ammonium salts so far prepared 
have been found to be readily soluble in water, but these 
three nitro-salts were unusually difficult to dissolve in 
water. Ammonium cinnamate (Am. Chtm. Journ., 1913, 
xlix., 300), previously prepared, was found to be much 
more soluble than these three nitro-derivatives. However, 
the ammonium nitrocinnamates resemble the ammonium 
cinnamate in many respects. When ammonia is con- 
ducted into an ether solution of cinnamic acid a gelatinous 
precipitate is first obtained which later changes to an 
amorphous form. This same phenomenon occurs in the 
lormation of the m-nitrocinnarnate in ethyl acetate but not 
in the formation of the o- and ^-salts in ether. We could 
find no record of any of these salts having been pre- 
viously prepared even in aqueous solution. 

The Nmfkthoic Acids. 

Ammonium m NafikthonU.—Tht barium, calcium, and 
silver salts of a-napbthoic acid have been prepared by 
Hoffman ( flrr.. 1868, i., 39), but no reference to the am- 
monium salt can be found. The acid is not soluble in 
ether, but is very soluble in hot ethyl alcohol. However, 
the ammonium salt is so very soluble in alcohol that it is 
impossible to precipitate it in this medium even in the 
presence of a large amount of ether. It was therefore 
necessary to pass the ammonia into a suspension of the 
acid in ether, whereupon the ammonium salt quickly 
formed as a fine white powder. The aqueous solution is 
neutral and does not hydrolyse for a number of hours. 
The salt is not hygroscopic and does not give off ammonia 
in dry air at room temperature. Moist air decomposes 
the salt slowly. When heated to 50° in dry air decom- 
position is perceptible after forty minutes. After ten 
minutes at too' it is rapidly broken up, giving off ammonia 
freely. 

The salt is very soluble in methyl and ethvl alcohols, 
moderately soluble in acetone and acetic acid, and in- 
soluble in ether, chloroform, ethyl acetate, and benzene. 

Calculated for CioH 7 CO a (NH 4 )— N, 7 41 pet cent ; 
found— 7*40 per cent. 

Ammonium p SopkikocUt.^K number of the salts of 
B naphthoic acid have been made and studied, but there 
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t no record of the neutral ammonium salt (Veith, Ann., 
1876, clxxx., 305; Mers and Muhlbiuser, Zeit. Chem. t 
1869, ▼., 70). The acid is readily soluble in both ether 
and ethyl alcohol, and the ammonium salt can be prtpared 
in either solvent. When prepared in ether it forms as a 
pure white amorphous powder. Its aqueous solution does 
not hydrolyse. The salt dries qoickly, is not hygroscopic, 
and does not give off ammonia in dry air at ordmaty tem- 
peratures. In moist -ir ammonia is given off. At 50° in 
dry air for thirty minutes the salt decomposes, and at ioo° 
maiked decomposition takes place within fifteen minutes. 

The salt is insoluble in ethyl acetate, chloroform, 
acetone, ether, and benzene, and only slightly soluble in 
ethyl alcohol. Except for certain differences in solubility 
the properties of this salt closely resemble those of the 
a-salt. 

Calculated for CioH7CO a (NH 4 )— N, 7*41 per cent; 
found— 7*39 per cent. 

(To be continued). 


THE PIGMENTS OF THE TOMB OF PERNEB.* 
By MAXIMILIAN TOCH. 

In 1913 Mr. Edward S. Harkness presented to the Metro- 
politan Museum of Art of New York City, the Tomb of 
Pirneb, which originally stood in the cemetery of the 
ancient Memphis. Mr. Harkness acquired this tomb from 
the Egyptian Government, and Dr. Albert M. Lythgoe re- 
moved the tomb from Sakkara and re-erected it in the 
main hall of the Metropolitan Museum of Art. 

The tomb was built approximately 2650 b.c., and in it 
wap buried an Egyptian Dignitary named Perneb, who 
held high office under the king at Memphis. The tomb 
contained many figures in relief, particularly the side wall 
in the main chamber, on which the carvings are very pro- 
fuse. The figures are all coloured with various pigments. 
(It is a great pleasure for me to acknowledge the assist- 
ance that I have received from Dr. Albert M. Lythgoe, 
through whose courtesy I was given the pieces of lime- 
stone and the adherent pigments which were taken from 
the Tomb of Perneb). 

The pigments used on the Tomb of Perneb are red, 
yellow, blue, green, grey, and black. There is a popular 
belief that the red used by the Egyptians was red ochre. 
This is an error, as ochre is yellow naturally, and only 
turns red when it is burned or calcined. Ochres all 
normally contain between 10 and 20 per cent of oxide of 
iron, whereas the reds of the Egyptians contain more 
than 50 per cent of oxide of iron, and from their very 
colour it is certain that the red of the ancients was 
hematite. This is never a very bright red, but is always 
one which we associate with brick colour. 

Yellow . — All the yellows used were the native ochre, 
which is clay stained with iron rust. 

Blue . — The Egyptian blues are very beautiful, and 
range from a light sky-blue to a dark ultramarine. An 
examination with a microscope of the dark Egyptian blue 
shows it to be powdered glass 01 porcelain. This material 
has been known as “ frith,” and has of itself no biding or 
obscuring power, nor does it seem to have been put on 
with a binder. This powdered glass has been rubbed into 
the surface and allowed to set with the Nile clay or the 
Nile mud, which, on account of its slightly alkaline 
nature, is cementitious of itself, and has both setting and 
binding power. The appearance of this blue glass, which 
in modern times is called 11 smalt, " appears blue just the 
same as snowflakes appear white, because the light is 
broken up on its crystalline structure, yet a single snow- 
flake is as transparent as pure glass. 

Greenish blue is azurite, a hydrated carbonate of copper. 


• Paper presented at the meeting of the New York Section of the 
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Green is malachite, azurite, and clay. 

Black is carbon black composed of charred wood or 
burnt wood or charred bones. 

Grey is limestone mixed with charcoal or carbon. 

Mr. Lythgoe found two paint pots which had evidently 
been thrown out by the workmen, and an examination of 
these shows the pigment to be hematite mixed with lime- 
stone and clay. 

It is remarkable that in all investigations of historic 
materials many of the tools and implements used have 
been either forgotten or in many cases not found. I 
have, in times gone by, paid a great deal of attention to 
the pigments used by the old masters, beginning with the 
primitive painters of Italy and going through the history 
of the Flemish materials down to the English masters, 
and while I have had abundant matter I have had hardly 
any historic data concerning the implements used, such as 
brushes and palette knives. There are practically no 
brushes left to show us how the wonderful technique of 
the older painters has been carried out. The same may 
be said of the musical instruments. The bows used by 
the early violinists of Italy are not well known, and their 
history, method of manufacture, and composition are very 
largely shrouded in mystery. 

There is a brush in the Metropolitan Museum of Art, 
from one of the excavations of the palace of Amenhotep 
III. at Thebes, that dates from the XVIIItb dynasty. 
This brush is similar in size and shape to a medium-sized 
sash tool used by the house painters of the present day. 
The bristles are not air, but evidently of a vegetable stalk 
similar to bamboo, which has been beaten until the longi- 
tudinal fibres have separated. It is bound around with a 
twine of fibre a good deal like hemp, just the same as a 
modern round paint brush is bound either with wire 
or cord. 

There has been little or no work done on Egyptian 
pigments, with the exception of the chapter by Dr. Ru*sell, 
called 11 Egyptian Colours,” in the book " Medium ” by 
Flinders Petrie, compiled in 1892. Dr. Russell was in 
error, however, when he stated that the splendid rich blue 
was a silicate of copper, ior the samples that were sub- 
mitted to me proved to be cobalt, and upon investigation 
I found that A. W. Hoffman demonstrated that the bloe 
frits of the time of Rameses III. were panted with 
cobalt. 

Nearly everyone has made the popular error of assuming 
that the Egyptians used the white of egg as a binder for 
their pigments. I cannot find any trace of any albuminous 
binder in the pigments submitted to me, but they do show 
some evidence of the use of glue or gelatin. It is well 
known that the Egyptians manufactured very excellent 
grades of glue either by boiling parchment or bones and 
hides of animals. They were excellent cabinet makers, 
and used glue very largely in joining pieces of wood. In 
the great museum at Cairo there are to-day many samples 
of furniture glued together with Egyptian glue which are 
sti.l in excellent condition. It is, however, more than likely 
that little or no bindtr was used when the pigments were 
applied on the various tombs, even to those built about 
1500 years later, like the Temple of Karnak. We all 
know that the climate of Egypt is exceedingly dry, and 
therefore no rain can wash off or disintegrate a cold water 
paint made by means of pigment and glue. The Nile 
clay and Nile mud largely used in building are slightly 
alkaline and in many respects similar to the adobe mud 
in New Mexico and Arizona. This mud contains a small 
percentage of free lime, and any earthy substance which 
contains free lime will in time act like a weak cement 
and become firmly bound. It is therefore my opinion that 
many of the decorations made by the Egyptians were 
made without any binder other than the lime naturally 
found in the soil, and in a few cases glue was used. I 
also judge, from the nature of the implements used, that 
the pigments were rubbed into the surface and they in 
lime became part of the surface. 

I do not refer to the splendid decorative woik in the 
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wooden sarcophagi when I say little or no binder was need, 
for in these coffins and on the outside of the linen 
wrsppings there are some really wonderful decorative 
paintings in which binders were used. The portraits 
outside of the mammy wrappings in the second century 
were done with wax and resins and are excellent works 
of art, although these paintines have nothing to do with 
the pigments of the Tomb 01 Per neb . — Journal of In • 
dus trial and Engineering Chemistry , x. f No. 2. 


THE MEXICAN PETROLEUM INDUSTRY. 0 

More than Fifty -five Million Barrels of Petroleum 
produced in 1917. 

The Technical Commission of the Department of 
Petroleum under the Secretary of Industry and Commerce 
has collected the most recent statistics regarding the pro* 
duction of petroleum in the Republic, and these are of 
great interest. 

Doring the year 1917 a total of 79 wells were bored in 
the oil regions of Tamaulipat, San Luis Potosi, Panuco, 
Topila, Ozualama, Tuxpam, and Icbuatlan, of which 43 are 
producing. The potential production of these wells is 
235.250 barrels daily. 

With the opening of these new wells the total in the 
entire Republic reached 919, of which 329 are productive, 
362 unproductive, 141 are in process ot sinking, and 77 
have been localised. 

The potential production of these wells is 1,337.012 
barrels daily. In 1901 Mexico produced 10,345 barrels of 
crude oil annually. In 1910 the production bad risen to 
3,634.080 barrels, while in 1917 the total production was 
tbe enormous quantity of 55,292,770 barrels. 

The Tuxpam region leads in the amount produced, the 
total fc r tbe year having been 34,500.000 barrels. Tampico 
produced 20,500.000 barrels, and Mmititlan yielded 

23.500. 000 barrels. 

Tbe companies established in Mexico which produced 
the largest amount of petroleum during the past year were 
the Huasteca Petroleum Company, which extracted from 
its wells more than 16.000,000 ot barrels, and ihe Aguila 
Company, which produced nearly a like amount. 

Doring tbe year 1917 the exportations of oil reached 

6.500.000 metric tons of petroleum, while the value of tbe 
crude and refined products amounted to over 53,000,000 
dots. Mexican gold, a notable increase over tbe figures 
for 1916. 

Oil Wells now being Drilled . 

The confidence of foreign petroleum operators in the 
stability of conditions in the Tampico oil fields is evidenced 
by tbe fact that the sinking of new wells continues with 
regularity. The Trans-continental company is sinking 
lour, one of them now being down 1450 feet. Tbe 
Mexican Gulf Companv has one well down 960 feet and 
another 1000 feet. The East Coast Company has a 
well down 1500 feet, while tbe Huasteca Company has 
one down 1700 feet in addition to the many thet have been 
completed. The Aguila Companv baa also begon drilling 
a new well. Tbe International Company has a new well 
that makes a promising showing, while the Esst Coast 
Company has one that is down 1688 feet and is now filled 
with oil, presaging a good flow within a abort distance. 

Experts employed in the Department of Biological 
Studies have repotted that after careful investigation of 
tbe lands reclaimed by the drainage of Lake T« xcoco, in 
the vicinity of Mexico C»ty, there have been rendered 
available some thirty millions of tons of mineral salts, 
including common salt, caustic soda, bicarbonate of soda, 
Ac., for all of wbirb there is a large demand in tbe 
Republic in various industries. 

Tbe Department of Industry and Commerce has given 

• Bulletin Service of tbe Mexksa News Bureau. 


notice to the national mining agents in all portions of tbe 
Republic to permit tbe denouncement of deposits of 
graphite, which bad been forbidden by a decree of 191a. 
It is expected that activity will result in the development 
of this much needed mineral, which is found in various 
localities in abundance. 

Commodious port works are projected at tbe Island of 
Lobos, of! the Tampico coast, which have for their object 
tbe accommodation of the petroleum carrying vessels 
which ply from that section with great regularity and fre- 
quency. It is expected that tbe Port of Lobos will become 
one of the most important in the Republic, and all the 
traffic of this kind will be concentrated there. 

A concession baa been granted by tbe Secretary of 
Industry and Commerce for tbe exploitation of a deposit 
of gold, uranium, and radium at Guadalupe, in tbe moun- 
tains of tbe State of Chihuahua. All tbe machinery 
necessary for thorough and extensive operation will be 
introduced. The Government will receive 5 per cent of 
tbe gross output in return for tbe permission granted. 
This is tbe only deposit of these minerals so far discovered 
in the Republic. 

Investigations made under instruction from the Depart- 
ment of Fomento have disclosed tbe presence in Sonora 
of extensive deposits of sulphate of molybdenom and also 
of tungsten, which are of great value in the manufacture 
of steel as also of incandescent lamp films. These 
deposits, it is announced, will be developed upon an 
extensive scale. 

Powerful Wireless Station near Tampico. 

A new wireless station has been established on the 
Island of Lobos, of! the coast of Tampico, largely for the 

J mrpoee of affording the various petroleum companies 
acilities for communicating with their vessels while great 
distances at sea. This station is provided with soma of 
the most powerful apparatus, and will be able to com- 
municate with the wireless stations at Mexico City, 
Tuxpan, Tampico, Vera Crux, Progreso, Frontera, 
Maxatlan, Santa Rosala, La Pax, Oueretato, Monterrey, 
Saltillo, Tcrreon, and by way of Havana with various 
stations in the United States. It is expected to prove of 
great value in advancing tbe commercial interests of the 
Republic. 


MINISTRY OF MUNITIONS. 

Ammonia and Ammoniacal Products. 

The Minister of Munitions, in exercise of tbe powers 
conferred upon him by tbe Defence of the Realm Rr gela- 
tions, and all other powers enabling him, hereby orders as 
follows : — 

1. No person shall as on and from tbe first day of June, 
1918, until further notice, produce or manufacture any 
ammonia or ammoniacal product, except under a license 
issued by or under tbe authority of the Minister of 
Munitions, and in accordance with tbe terms and con- 
ditions of such license as to the quantities to be manu- 
factured or otherwise. Provided that no license shall be 
r eqoired to manufacture : — 

(a) Crude Ammoniacal Liquor or Sulphate of Am- 
monia in any quantities. 

{b) Any other ammoniacal product, in quantities not 
exceeding half a ton, doring any one calendar month. 

2. No person shall as on and from the first day of June, 
1918. until further notice supply any ammonia or 
ammoniacal product (other than crude ammoniacal liquor 
or sulphate of ammonia) to any person, except onder and 
in accordance with the terms and conditions of a license 
issued by or under tbe authority of the Minister of 
Monitions pursuant to this Order. Provided that no 
license shall be required to supply not more than 56 lbs. of 
anhydrous aromcnia, or 1 cwt. of ammoniacal liqoor or 
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any ammonites] product to any person daring any one 
calendar month. 

3. All persona engaged in producing or manufacturing 
ammonia, or any ammoniacal product, or in any manu- 
facture, trade, or business in which any ammonia or 
ammoniacal product is used, shall carry out and comply 
with all instructions and directions which may be issued 
or given by or on behalf of the Minister of Munitions with 
a view to avoiding loss or waste of ammonia. 

4. All persons engaged in producing, manufacturing, 
selling, distributing, or storing ammonia, or ammoniacal 
products, or in any manufacture, trade, or business in 
which any of the same are used, shall make such returns 
with regard to their businesses (including returns relating 
to losses or waste of ammonia), and shall verify the same 
in such manner (including production of their books to any 
accredited representatives of the Minister of Munitions) as 
may from time to time be required by or under the 
authority of the Ministry of Munitions. 

5. For the purposes of this Order the following expres- 
sions shall have the following meanings : — 

“ Ammonia ” shall mean and include anhydrous am- 
monia and ammonia in aqueous solution. 

M Ammoniacal Products” shall mean and include all 
compounds of Ammonia and mixtures or preparations 
containing Ammonia. 

11 Crude Ammoniacal Liquor ” shall mean an aqueous 
solution of Ammonia containing not more than 5 per 
cent of Ammonia. 

6. Nothing contained in this Order shall affect o r 
exempt any person from compliance with any of the 
provisions of the Fertiliser Prices Order, 1918, relating to 
sales or deliveries of sulphate of ammonia. 

7. This Order may he cited as the Ammonia Control 
Order, 1918. 

8. All applications in reference to this Order (including 
applications for licenses) should be addressed to the 
Ministry of Munitions, Department of Explosives Supply, 
Storey's Gate, Westminster, S.W. 1, and marked 
44 Fertiliser Section.” 

(Note. — Under Clause 9 of the Fertiliser Prices Order, 
1918, licenses are required for certain sales and deliveries 
of sulphate of ammonia, and in particular for all sales of 
solphate of ammonia for use in the manufacture of muni- 
tions of war or for other industrial purposes). 

May 17, 1918. 


PROCEEDINGS OF SOCIETIES- 

ROYAL SOCIETY. 

Ordinary Muting, May 9, 1918. 

Sir J. J. Thomson, O.M., President, in the Chair. 

Pa ers were read as follows : — 

11 Thtory of Attraction wh$n the Force varies as any 
Power of the Distance .” By Major P. A. MacMahon, 
.R.S., and H. B. C. Darlino. 

44 Electromagnet Integrals .” By Sir Georoe Grbbnhill' 
.R.S. 

Starting with Maxwell's M, mutual inductance of two 
coaxial circular cuirents, a straightforward integration will 
lead to the analytical expressions arising in the theory of 
the Ampere-balance current weigher, described in Phil. 
Trans., 1907, by Ayrton-Matber-S nith, and the com- 
plicated dissections are not necessary, employed by 
Viriamu Jones, Minchin, and other writers. 

The elliptic integrals which occur are then reduced to a 
simple standard form, capable of use with Legendre’s 
tables of the elliptic function, and the quadric trans- 


formation is explained geometrically, required to reconcile 
the conflicting notation of previous treatment. 

A re drawing is submitted of Maxwell's figure XVIII. of 
the curves of constant M, employing the co-ordinates 
of the confocal conics on Weir's chart. The same co- 
ordinates are applied to a state of uniplanar liquid motion, 
where they appear appropriate, as well as to Euler's 
problem of the orbit under two centres of force. 

44 Intensity Relations in the Spectrum of Helium By 
T. R. Merton, D.Sc., and J. W. Nicholson, F.R.S. 

The paper contains the results of an experimental in- 
vestigation of the variations in distribution of intensity 
among the lines of the helium spectrum under various 
conditions of excitation. The intensities have been 
examined quantitatively, according to the method 
described in previous memoirs, at various assigned posi- 
tions in the cathode dark space and beyond, so that tbe 
variations can be determined as definite functions of 
cathode distance. 

It is found that the relative intensities of lines in the 
diffuse series of helium and parbelium remain essentially 
the same at all distances, but that striking variations occur 
in other types of series. The results are discussed (1) 
from the point of view of selective transfer of energy in 
any one series ; (2) in relation to type of series— diffuse, 
sharp, cr principal; and (3) in relation to the relative 
behaviour of the doublet and single line spectra. 

The spectra of mixed gases — hydrogen and helium — 
have also been studied in the same way, and it has become 
apparent that the phenomena presented by the presence 
of a spectroscopic trace of one of the gases are essentially 
different in character from those presented when the gases are 
mixed in comparable amounts. Tbe low pressure spectrum 
of helium has been investigated quantitatively, and the 
results have been discussed with special reference to the 
reproduction in the laboratory of the abnormal intensity 
relations found in tbe spectra of the nebulae. It is shown 
that the nebular spectrum of helium would be obtained 
very closely by a combination of the conditions belonging 
to the condensed discharge and to the low pressure 
spectrum. 

44 Outline of a Theory of Magnetic Storms .” |By S. 
Chapman, D.Sc. 

Tbe average characteristics of magnetic storms are 
separated into two parts, depending respectively on time 
measured from the commencement of the storm and upon 
local time. In the former the hoiizontal force is tbe 
element chitfiy affected, a brief initial increase being fol- 
lowed by a much larger decrease, extending over several 
hours. Afterwards, during a period of days, tbe force 
slowly returns to its normal value. Tbe local time 
changes, aftei the ordinary diurnal magnetic variations 
have been removed, are approximately simple sine or 
cosine waves in all three elements. Their mutual relations 
in phase, and tbe dependence of their amplitudes upon 
latitude, are determined for twelve observatories, from tbe 
mean of forty storms. The two sets of variations are 
interpreted in terms of electric current systems circulating 
in the upper atmosphere (with corresponding earth cur- 
rents). These, again, are referred to tbe inductive action 
of a system of atmospheric motions. These motions are 
primarily vertical, though the unequal distribution of 
vertical velocity introduces horizontal movements also. 
Tbe atmospheric motions are explained as the result of 
the precipitation of electric particles from the sun into the 
earth's atmosphere. A depression of the absorbing layer 
(which becomes ionised) is first produced. This is suc- 
ceeded by a general upward expansion, due to the mutual 
repulsion of the particles (which are mainly of one sign of 
charge) which are entangled|in the layer. The stratum in 
which these actions occur is considered to be above that in 
which the ordinary diurnal magnetic variations are pro- 
duced, and the ionisation in the latter layer is attributed to 
the action of ultra-violet light from tbe sun. 
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SOCIETY OF GLASS TECHNOLOGY. 

Ordinary Mating, May ij, 1918. 

Mi. W. F. J. Wood, B.Sc., F.I.C., President, in the Chair. 

After the usual formal business the Prksidknt opened a 
discussion on M The Glass Industry after the War .* 1 H« 
stated that the glass industry could be divided into eight 
main sections (1) Table and decorative, (2) plate and 
sheet, (3) optical, (4) chemical and scientific, (5) electric 
lamp bulb, (6) pressed, (7) common bottles and jars, (8) 
flint bottles and jars. He then went on to advocate the 
formation ot a trade council in each section which should 
organise its own particular section, and a federation of 
these trade councils, consisting of 44 members. Each 
section should elect 4 members, 2 being manufacturers 
and 2 workmen. This would give 32 members. The 
remaining 12 should be made up of 4 scientific repre- 
sentatives, 6 Government representatives, and 2 repre- 
sentatives of finance. Such a council would have great 
possibilities in front of it, representing as it would all 
shades of opinion in the industry. It was necessary that 
each section should take steps to organise as quickly as 
possible. Workmen should be encouraged, and the best 
machines available should be introduced, to that the country 
could make all its own glass instead of some 20 per cent 
as in pre-war days. In the opinion of the speaker it was 
obvious that some kind of Government assistance most be 
givers to the glass industry. A strong case for protection 
in some branches and prohibition in others could be made 
out. Without this there would be a deluge of foreign 
glass after the war, just when we should be requiring rest, 
when our furnaces and shops ought to be undergoing 
repairs, and when time was required for the training of 
workmen. It was to be hoped that the optical monitions 
and glassware branch of the Ministry of Munitions would 
be kept in being after the war, as there is no measure of the 
indebtedness of the industry to this department. There 
is evidence abroad that the German glass firms are con- 
solidating under Government control, and it is necessary 
that we in the country should he prepared to fight them. 

Mr. J. Connolly followed with an appeal to the whole 
industry, both masters and men, to poll together. Owing 
to unfair foreign competition the glass trade in this country 
in certain branches was less than 30 per cent of what it 
was fifty years ago. The industry demanded from the 
'Government a square deal, and then it could defy foreign 
competition. 

What we required was a dump-proof Empire #here a 
fair chance would be given to home production. Given 
this fair chance there was no fear that we could not only 
equal but surpass German and Austrian production. 

Sir Frank Hbath, K.C B., of the Department of 
Scientific and Industrial Research, spoke of the absolute 
necessity of bringing science to bear on output, both from 
point of view of quantity and efficiency. The Govern- 
ment fully recognised the importance of industrial research, 
and was prepared to assist it in a wide sense through 
trade and industrial organisations. The conditions of 
grants to industries for research were not likely to be 
onerous or difficult, and there would be no meticuloos or 
tyrannical interference from headquarters. 

Mr. D. Baird briefly outlined what bad been done to 
capture the chemical ware trade from Germany, and spoke 
of the work still to do. It would be impossible for that 
branch of the industry to stand on its feet for some time, 
and the need for * 4 foster parents* was great. Under 
proper conditions it would be possible to make as cheaply 
as our enemies and to turn oat s better article. 

Sir Hkrbkrt Jackson, K.B.E., like the President of 
the Society was a confirmed optimist as to the future of 
the industry. At present the war provided the necessary 
stimulus lor pulling together. After the war national 
prestige most be the stimulus. We most have an honest 
pride in ourselves, and feel it intolerable to take second 
place. Each section of the industry must help the 


others, for knowledge gained in ooe branch ie often valu- 
able in another. An enormous amount of knowledge has 
been accumulated, and the time is very near for repre- 
sentatives of various branches to get together and shape 
problems of experimental work before the war ends so that 
work can proceed at once. The whole field of research 
must be viewed and care taken to prevent overlapping of 
research. A conference under the auspices of the Society 
of Glass Technology, in collaboration with a Government 
department, would be the sorest and best method of 
tackling the problem. Giving Government help and pto- 
tection it will be the faolt of the industry itself if it does 
not thrive, and industry can ensure this by organising and 
by every one pulling together. 

Mr. R. S. Biram, of the Ministry of Munitions (Optical 
Branch), paid tribute to the great help given by the glass 
industry in the production of war material under difficult 
conditions. He predicted more difficult times ahead, as 
there was bound to be a further call-up of labour together 
with a shortage of materials and fuel. He advocated 
more concentration in works, and drplored lack of enter- 
prise in certain quarters, because if industry was to pro- 
gress it most show great entrrprise. 

Dr. W. Rosknhain, F.R.S., stated that the future of 
the industry after the war was of great importance, and 
what that future would be was not a foregone conclusion. 
Much bad been done to meet the requirements of war, but 
would the stimulus last ? Unless it does it is doubtful 
whether any measures will give the desired results. Given 
the necessary stimulus and motive power wha* the industry 
then required to be successful was method. There most 
be full.utilisation of scientific results in the works and free 
interchange of knowledge between the scientist and the 
worker. Petty jealousies most be removed. There most 
be no extension of concentration to the exclusion of co- 
operation, because a great deal was to be gaioed by 
housing different branches of the industry under one root. 
It might be possible to establish an industry by “ fostering M 
it, but the child must grow and learn to be independent. 

Mr. S. N. Jbnkinson spoke of the great future in front 
o I the glass industry if only it were allowed to develop. 
After the war much reconstruction of material and training 
of labour would be necessary, and the industry would 
require help. He traced much of the decline of the in- 
dustry in the past to national apathy and even in certain 
quarters to actual antagonism. The glass trade roost 
make itself efficient because it could not ask for assistance 
in the bolstering up of an efficient industry. The 
machinery of a Government department must all be 
efficient, and be made an appeal for the continuation after 
the war of the optical and glassware branch of the 
Ministry of Munitions. 

Messrs. Congreve, Jackson, Redfern, Botterwortb, 
Bagley, Thomas, Towers, Watmough, Kitson, and 
Proctor all joined in the discussion. 

Finally, a resolution was drawn up ss to the policy of 
the S Kiety, and it was decided to circularise the same to 
the members for considrration and to note upon it at the 
next meeting, which will be held in Sheffield on June 19, 
1918. 

Before the meeting the members of the Society paid a 
most insttuct ve and interesting visit to the works of 
Messrs. Ediswan, Ltd., at Ponder's End, and were after- 
wards entertained at lunch by the firm. The kindness of 
Messrs. Ediswan was mocb appreciated by all. 


BRITISH ASSOCIATION OF CHEMISTS. 
Mbktino at Birmingham. 

A mbktino of the Birmingham section of the British 
A«sociation of Chemists was held at the University of 
Birmingham on Thursday evening, May 23. Mr. E. W. 
Smith, M Sc., F.I.C., presiding over a good attendance. 
In the circular it was pointed out that important decisions 
affecting the profession were about to be made by the 
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whole of the chemists of the country, and an invitation to 
vote on a ballot card, which was enclosed, to those unable 
to attend was given. The voting was open to (1) any 
person holding a univtrsity degree (or its equiualent) with 
chemistry as a principal subject ; and (2) any person who 
could show evidence satisfactory to the Council of having 
had a sufficient general education and of having 
practised pure or applied chemistry tor not less than seven 
years and who now held a responsible position. The 
resolutions were as follows : — 

1. “That the proposals of the Institute of Chemistry, 

ratified by the Institute’s Extraordinary General 
Meeting on Apt il 27, 1918, reasonably meet the 
suggestions 01 the British Association of Chemists’ 
Inaugural Meeting in Manchester on November 
10, 1917. 

2. “Are you in favour of the continuance of the B.A.C. 

after local sections of the Institute of Chemistry 
have been formed ? ” 

The meeting was also asked to consider a third resolu- 
tion as follows : — 

“ That the Provisional Society of the British Associa- 
tion of Chemists shall continue in being until — 

(1) Local sections of the Institute have been formed ; 

(2) New regulations for admission to the Institute have 
been put into force ; 

(3) The new regulations for nomination and election 

to the Council of the Institute have been formulated 
and adopted by the Institute. 

In the meantime, all chemists who support the pro- 
posals, as indicated in the third report of the B.A.C., 
shall be considered as eligible for membership of the 
Provisional Society of the B.A C. , it being understood 
that such membership carries with it no obligation on the 
part of the B.A.C. or the Institute.” 

The Chairman txplained that the meetiig of the 
B.A.C. called for January 31 was postponed, and a national 
meeting would take place in Manchester on June 15. The 
Executive Committee, recognising the difficult of getting 
a gathering thoroughly representative of the profession, 
deemed it wise to adopt an all-round policy and to hold 
general meetings in the large local centres at which 
Resolution 1 and 2 should be considered. It was felt that 
what the Institute had agreed to met the demands made on 
November 10. There was a diversity of opinion as to 
whether they could accept the promise of the Institute as 
being sufficiently definite to justify the dropping of the 
B.A.C. He was officially informed that there might be 
much delay in putting into force the new regulations of 
the Institute in view of the alterations to be made to the 
Charter, and as they might have to wait until Christmas 
it seemed to him that it would not be wise now to drop 
the B.A.C. There was any amount of opportunity for 
change of opinion, and many had unquestionably altered 
their opinions considerably since they commenced the 
organisation of chemists. Those on the Executive who 
were in favour of the B.A.C. continuing were not in 
favour of it continuing to act as a “ ginger-group ” to the 
Institute, but felt that it should act with different functions 
which were not in opposition to the Institute. They were, 
for the most part, trades union functions. While they 
had sympathy in any movement for the “ bottom dog ” he 
did not think that the method of fighting, through the 
B.A.C. as modified, could be for the good of the profes- 
sional chemist. There was a proposal that they should 
become linked with the Amalgamated Society of En- 
gineers, and, if need be, adopt strike methods. He did 
not regard it as a sound or practical proposition either from 
the engineers’ point of view or their own. The future of 
the qualified chemists and of iuniors who wished to 
become such could more effectually be improved by other 
means— for instance, by qualified men in charge of other 
chemists, by banding together to see that only qualified 
juniors were taken on, that their education was properly 


supervised, and that adequate facilities were given by 
which they could obtain a sound and satisfactory training. 
If chemists in responsible administrative positions would 
show a determination to use their influence with their 
firms in order that every qualified chemist was adequately 
remunerated there would be no d fficulty in increasing the 
salary level ; but it would be necessary to differentiate 
between the qualified chemist and the unskilled roan in 
the laboiatory before there could be such advocacy on 
really effective lines. The danger of the trades union 
policy was that the prescribed minimum wage often became 
the maximum. Ihtre was a moderately large body of 
opinion in favour of the continuance of the B.A.C. as a 
political association having no connection with registra- 
tion ; but the reply to that was that the local sections of 
the Institute would give the necessary 14 ginger” to the 
Institute Council. 

Resolution No. x was moved by Mr. Herapath, who in- 
sisted that on several important points, in relation to 
admission to the Institute, the Council were taking a 
broader and more favourable view than hitherto. There 
was no doubt that the Council were determined that the 
local sections should be living bodies. 

Mr. H. T. Pinnock, seconding, thought full confidence 
might be placed in the Institute recommendations. He 
regarded the position as satisfactory and largely due to the 
energy of the representatives on the National Council. 

Mr. Johnson inquired what evidence there was that the 
Institute was looking favourably on the non-university 
trained man. 

The Chairman pointed out that the B.A.C. was only a 
provisional body, and there was really no approved 
membership ; but it was important to remember that the 
B.A.C. started out with very sound and dtfinite qualifica- 
tions. There was, indeed, no attempt to reduce the 
qualification standard. 

Mr. Munroe said, while considerable opposition was 
offered by the older members of the Council to a broadening 
of the basis of the Institute of Chemistry, the Council 
appeared to have made up their minds that anyone who 
could 6how a moderate amount of training — they appeared 
to lay greater stress on education than actual chemical 
training— would be admitted to the Institute. 

I here was no discussion on Resolution 2 in view of the 
third resolution, which was moved by Dr. Parker. 

The voting by ballot resulted as follows : — # 

Resolution No. 1 — Carried ; 97 votes for, 5 against. 

Resolution No. 2— Defeated ; 70 against, 27 for. 

Resolution No. 3— Carried ; 41 for, 1 against. 

The Chairman announced that a meeting would be 
held shortly in Birmingham to elect the Local Council. 
All members of the Institute will be invited to attend the 
first meeting, and those, not members, who thought they 
were eligible, were advised to make application as soon as 
possible. The B.A.C. would not cease to exist in 
Birmingham fo some time. 


Royal Institution — A General Meeting of the 
Members of the Royal Institution was held on the 3rd inst.. 
Sir James Crichton-Browne, M.D., F.R.S., Treasurer, in 
the Chair. A Resolution of Condolence was passed on 
the decease of the Duke of Northumberland, K.G. F.R S., 
the President for nineteen years. The Duke of Nortbum- 
beiland, William Rintoul, and Arnold Jacob Cohen- 
Stuart were elected Members. 

Physical Society. — The next meeting of the Society 
will be held on Friday, June 14, 1918, at 5 p.m., at the 
Imperial College of Science, Imperial Institute Road, 
South Kensington. London, S W. A discussion will take 
place on 11 The Teaching of Physics in Schools,” to be 
introduced by Sir Oliver J Lodge, Principal of the 
University of Birmingham. Visitors are invited to attend 
this meeting of the Society. 
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CORRESPONDENCE. 

SOCIETY OF YOUNG SCIENTIFIC STUDENIS. 

To the Editor of the Chemical News . 

Sir,— For some time past the undersigned have bad in 
mind the desirability of the existence of t society of 
young scientific students for mutual help. We feel sore 
that there are a number of enthusiastic students of science 
who, like ourselves, have to rely chiefiy on their o*vn 
efforts tor their progress in science, and we think that it 
would be of great advantage to them ii they could co- 
operate in such matters as the purchase of apparatus, 
materials, and books, and for mutual help. There is no 
society which fully provides for these, and we have deter- 
mined, after careful consideration, to endeavour to get 
into touch with some of this class of students. In order 
to do this we have ventured to ask you to kindly insert 
this letter in your columns. Will those interested please 
communicate with Mr. P. E. Owen*., 28, Jesse Terrace, 
Castle Hill, Reading ?— We are, 

J. A. Butler, 

P. E. Owens 


REGISTRATION OF UNIVERSITY ELECTORS 

To the Editor of the Chemical News. 

Sir, — May I ask for the hospitality of your columns for the 
puipose of urging graduates of the Universities of Durham, 
Manchester, Liverpool, Leeds, Sncfficld, Birmingham, 
and Bristol to write to the Registrars of (heir respective 
universities for the forms of application for registration as 
electors. 

The relatives of those graduates who are serving in the 
army or navy are urged to obtain the forms of application 
and to forward them to the graduates concerned. 

I should like to point out that all graduates serving 
overseas will be able to vote, either by post or, in the case 
of those too far away, by appointing a proxy to vote on 
their behalf. 

Further particulars relating to the University Franchise 
will be gladly sent to any applicant. - 1 am, &c., 

Herbert G. Williams, Hon. Secretary. 

The Combined Universities Conservative and 
Unionist Association, 130. Ashley Gardens, London, S W. 1 
May 21, tyib. 


POST AS CHEMIST IN ITALY. 

To the Editor 0/ the Chemical News. 

Sir, -l should be greatly obliged if any correspondent 
couid give me information on the followiig cas- : - 

A lady cbe’mst, who has been engaged on explosive 
work for a considerable tune, is anxious to obtain a post 
as chemist in Italy, either with a private firm or on expio 
sive woik for the Government. 

I should be very grateful for any information you could 
give me as to who to communicate with in England on the 
best method for the obtaining of such a post. — 1 am. &c., 

J. C. F. Lister. 

The Grove, Loudon K«>»d, Grajs, Lsaea, 

May 23, 191s 


METHOD FOR BOILING AT A HIGH 
TEMPERATURE. 

To the Editor of the Chemical Nc:cs, 

Si R| _I am wanting to dissolve a material by boiling, 
which requites a heat of about 2500—3000’ F. Can you 
or any your readers tell me how to do this, and what kind 
of vessel to use ? — I am, A.C., 

Jobl I'll 11 L Mli! 1. I . 

uj Dudley Road, We^t llfoniu.^h, 

May 22, 191S. 


2I5_ 

DETERMINATION OF MANGANESE IN STEEL. 

To the Editor of the Chemical News. 

Sir. —Noting Mr. Sbipko'a letter (Chemical Nkws, cxvii., 
204), with proper discretion in quick testa as applied in 
steel analysis the gravimetric method should always be 
applied when there is doubt ; these cases to often arising 
from the number of possible causes of error in laboratory 
tests that any likely error should be adduced as a possible 
cause of error, and hence the importance of your columns 
being open to such communications as the above, especi- 
ally important near in the interest of chemists.— 1 am, &c., 
J. C. Thomlinson, B.Sc. 


MISCELLANEOUS. 

The Medal of the Society of Chemical Industry.— 
The above honour has been fittingly conferred upon Sir 
Janies Dewar, F.R.S., in recognition of the value of bis 
researches in pure and applied science, particularly in the 
domain of the chemical industry. Sir Jsmes Dewar is 
one of the few men whose scientific activities do not 
appear to have been hindered by the war, and the value of 
his labours in the chemical industry is unquestionable. 

Gift for Agricultural Research.— Mr. W. B. Randall, 
of Waltham Cross, has generously provided funds for 
the estab ishment of a new research post at the Rothamated 
Experimental Station, and the Committee have appointed 
Mrs. D. J. Matthews, M S:., formerly Miss A. Isgrove. 
Mrs. Matthews is an Honours graduate of the Victoria 
University of Manchester, where she gained the Platt 
Biological Scholarship and the Dalton Biological Scholar- 
ship ; she afterwards carried out important investigations 
at the Marine Biological Station, Plymouth. Her work at 
Rothamstcd will consist in the study of some of the 
problems connected with soil sterilisation aB it is now 
being carried out in certain types of nurseries. 

What’s in a Name? — The Rontgen Society is con- 
sidering the advisability of changing us name, not alto- 
gether because Rontgen is a German professor, who, 
incidentally, has divested himself of all his British 
honours, but also because the name no longer covers the 
whole sphere of operations of the Society, which is now 
concerned with many other things besides X-rays. It is 
one thing, however, to divest yourself of your name, and 
a different thing to get another. The Ray Society 
sounds piscatorial or else occult. And if you must have 
a man's name in the title of a society there is only one 
Englishman who bad enough to do with the discovery of 
X-rsys to justify his inclusion. He is Sir William Crookes. 
But a Crookes Society has obvious objections, for the 
title would lend itself so easily among the blasphemous to 
that of the society of crooks. — Amateur Photographer . 

Students of Chemistry and Military Service.— The 
Registrar of the Institute of Chemistry has received the 
following letter from the Board of Education : — 

Sir,— 1 am directed to refer to yoor letter of the 
2nd inst. forwarded by the Board of Trade to this Office 
and to state that the Board of Education have been in- 
formed ihat instructions have been given by the 
National Service Department to defer, for the present, 
the calling up of any student of chemistry attending 
a teaching institution recognised by the Board of 
Education or the Scoich Education Department who 
has not been or is not placed in Grade I., and producea 
a certificate from the Principal of the Institution that 
be has passed his Matriculation or corresponding 
examination, and ia taking a full course of study in 
Science, including chemistry. The Board further under- 
stand that calling up notices (including any already 
issued) may, if necessary, be suspended for fourteen 
days, for production of this certificate.— I am, Sir. yoor 
obedient Servant, (Signed) J G. Milne. 


Determination of Manganese tn Steel. 
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New OU Well in Mexico. 


New Oil Well in Mexico. —Another new oil well has 
just been brought in tn the Alamo district near Panuco 
(Mexico), which at a depth of 2x15 feet yields about ten 
thousand barrels daily. The first indication of oil was 
encountered at i860 feet. This is only one of many wells 
being drilled by foreign concerns, and is regarded as proof 
of the belief of the owners in the stability of conditions 
and satisfaction with the petroleum laws . — Mexican Notes , 
May 2, 1918. 


SPECIAL NOTICE TO SUBSCRIBERS. 


We regret to announce that the recent paper 
restrictions will compel us for a period, until we 
can secure our usual supply of paper, to publish the 
Chemical News fortnightly instead of weekly. 

The price will not be altered, except as regards 
the subscription price, which, until further notice, 
will be calculated at £1 for fifty-two numbers, or 
pro rata . 

Subscribers will please note that the respective 
expiration dates of their subscriptions will be 
extended accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their extended 
subscription periods. 

The next issue (No. 3050) will be published on 
June 31st. 


'J'O comply with Regulation 8 (6) of the Defence of the Realm 
Act, advertisements from firms whose business consists 
wholly or mainly in Engineering, Shipbuilding, or the production 
of Munitions of War, or of substances required for the production 
thereof, must include the words " No person resident more thso 
ten miles sway or already engaged on Government work will be 
engaged." 


A nalytical Chemist, Lady or Gentleman, ex- 
perienced in Analysis of Poods, Ac., required as Assistant in 
important London Laboratory.— Write, stating age, qualifications, 
experience, and salary expected, to " Foodanal,” care of Deacon's 
Advertising Offices, Leadenhall Street, London, E.C. 3. 


A nalytical qualified Chemist, of either sex, re- 

f* qnired immediately to take charge of Laboratory of a London 
Dairy Company. Salary according to Qualifications and experience. 
—Write, giving full particulars, to '‘Dairy,” care of Street's, 30, 
Cor nh ill, E.C. 3. 


f'hemist wanted, or Man accustomed to 

Chemical production, for shift work in controlled factory. One 
used to Analysis. Ineligible, discharged soldier preferred. Perman- 
ency. State full particulars and salary required —Address, S. M., 
Chemical News Office, 16, Newcastle Street, Farringdon Street, 
London, E.C. 4. 


Engineering Chemist required by large fuel 

Lis consumer to carry out Research Work on all classes of Fuels 
and to deal with Water problems. Salary £150 to £200 according to 
qualifications.— Address, E. C., Chemical News Office, 16, Newcastle 
Street, Farringdon Street, London, E.C. 4. 


Ayf etallurgical Chemist for Controlled Works 

1 VX on North-East Coast, with sound knowledge of the Ana- 
lysis of Copper Alloys. Must have had experience with quick 
Electrolytic Methods of Ana’ysis. The vacancy offers excellent post- 
war prospects to a really live mao who is not afraid of work. No 
applicant will be considered under twenty-four years of age. — Write, 
giving full particulars of experience, stating age and salary required, 
to the nearest Employment Exchange, mentioning the Chemical 
News and No. A 3151. No one at present on Government work need 
apply. 


J unior Assistant wanted for routine testing in 

Chemical Laboratory 10 miles North of London. Most be 
ineligible for Army. State salary required and experience.— Ad- 
dress, R. T.. Chemical News Office, 16, Newcastle Street, Farringdon 
Street, London, E.C. 4. 


Y outh i 1 ^) re quire8 berth in Analytical or 

*■* Experimental Laboratory. Experience.— Address, Compton, 
93, Commercial Road, S.E. 13. 


Voung Gentleman, ineligible for Military ser- 

_T vice, desires responsible Position in Chemical Manufacturing, 
Merchant, or allied business. Preferably, but not essentially, with 
view to subsequent interest in same. Thorough chemical experience 
and sound business capabilities ; also practical agricultural experience. 
—Address, Y G, Chemical News Office, 16, Newcastle Street, Far- 
ringdon Stieet, London, E.C. 4. 


W° rks Analytical Chemist required. One 

• con y* r *aut wuh Soap Manufacture, Nicotine Extractions, and 
Agricultural and Horticultural Preparations. State full particulars 
and salary required.— Address, W. A , Chemical News Office, 16, 
Newcastle Street, Farringdon Street, London, E.C. 4. 


\V anted for the Laboratory of large Chemical 

Factory engaged on War work, well-trained and experienced 
Analysts. Accurate and systematic workers required. Vacancies 
exist for both Senior and Junior positions, male and female. — Ad- 
dreas, “S. 11,” Chemical News Office, 16, Newcastle Street, Far- 
ringdon Street, London, C. 4. 


T'he Owneis of BRITISH PATENT No. 

1 53 3 5 of entitled " Detonating Fuse,” are desirous of dis- 

posing ol the Patent or entering into working arrangements under 
licence or otherwise with firms likely to be interested in the same. 

A copy of the patent specification and full particulars can be obtained 
from and offers (for transmission to the owner) made to MARKS and 
CLERK, 57 and 58, Lincoln s Inn Fields, London, VV.C. 2 . 


IMPORTANT TO CHEMICAL MANUFACTURERS 

\/[essrs. FULLER, HORSEY, SONS, and 

CASSELL are instructed by the Coxbyn Manufacturing 
Company, Ltd., to invite Tenders for the purchase of the recently 
er cted 

LANOLINE EXTRACTION PLANT 
at their Works in Hunt's Lane, Stratford The Plant includes 24 
Enamelled Cast-iron Mixing Pans, 21 Jacketted ditto, 5 Enamelled 
Cast iron Jacketted Pans, 2 Ingcrsoll Air Compressors with Steel 
Receivers, Cylindrical Steel Heating Tank with Coil, 3 Electric 
Motors, numerous Steel and Earthenware Tanks. Shafting, Belting. 
Ac., Ac. ; also • 

TWO 8 ft. x 33 ft. LANCASHIRE BOILERS, 
loolbs. W.P. with three Injectors, Nicholi weir-type Feed Pomp 
Steel and Earthenware Piping and Valves, Electric Ventilating Fan, 
10 cwt. VV eiahing Machiue, Eartbeaware Filter, Single Purchase 
Crab, Office Furniture, including a Remington Typewriter, Ac.. Ac. 

Teuders should be delivered at the Offices of tne Auctioneers, by 
4 p m , on Monday. June 24th 

Note.— The Purchaser will have an option of calling for an aasign- 
m ® nt °* lbc of the Company’s Works on payment of costs. 
£‘* nt ma y be inspected by Orders to be had of Messrs. 
CRKWDSO.N, YOUATT, and HOWARD, chartered Accountant*, 
70A, Basinghall Street, E C. 2, or of Messrs. FULLER, HORSEY, 
«d Co., Mechanical Auctioneers and Valuers, 133, High Holborn, 
W.C. 1. 


SCIENTIFIC BOOKS. 


Messrs. W. HEFFER and SONS, Ltd., 

Booksellers, CAMBRIDGE, will be glad to re- 
ceive offers of secondhand Books and Journals, for which 
they are prepared to offer full market price and pay cash. 
Particularly complete sets or long runs of the following : — 

CHEMICAL NEWS. 

CHEMlwAL SOCIETY'S JOURNAL, &c., &c. 

They will also be glad to have enquiries for both New 
and Secondhand Books, of which they carry an immense 
stock. 

Licensed Valuers for Probate. 

Telegrams and Cables : Telephone: 

Hefper, Cambridoe Ida (two lines) 
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The C.O.V. it usually expressed u per cent H a SO« and 
the oleum as per cent SO 3. 

The graph deacrlbed beta was devised for the purpose 
of obviating this calculation, and avoiding the bother of 
referring to tables. It proved a very practical time-saver. 

Our specimen was made of three-ply wood with varnished 
paper scales pasted on. It consists of a panel sliding 


We regret to announce that the recent paper 
restrictions will compel ua for a period, until we 
can secure our usual supply of paper* to publish the 
Chemical News fortnightly instead of weekly. 

The price will not be altered, except as regards 
the subscription price, which, until further notice, 
will be calculated at £1 for fifty-two numbers, or 
Pro rata . 

Subscribers will please note that the respective 
expiration dates of their subscriptions will be 
extended accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their extended 
subscription periods. 

The next issue (No. 9061) will be published on 
July 6th. 


DECOMPOSITION OF WATER BY METALS. 
By DESMOND GBOOHEOAN. 


I. The metals which decompose water st ordinary tem- 
peratures are : — 

kittals of tho Alkalis . 


1 .. 

, , 

Potassium 

4 . • • • 

Rubidium 

a .. 

3- 

•• 

Sodiom 5 . . . . Lithium 

Caesium 

Mitals of tko Alkalint Barths . 

6.. 

. . 

Calcium 

8.. .. 

Barium 

7- 

• • 

Strontium 

9.. .. 

Radium 

II. The following are 

some of the 

•» 

c 

m 

l 

a 

s 

a 

metals which decompose water at a high temperature 

1 .. 


Zinc 

16 •• • • 

Manganese 

a .. 


Beryllium 

17 . . . . 

Iron 

3 •• 


Magnesium 

Cadmium 

18 • . . . 

Cobalt 

4 • • 


19 . . . . 

Nickel 

5-* 


Scandium 

ao . . . . 

Chromium 

6.. 


Yttrium 

at.. .. 

Molybdenum 

7-- 


Cerium 

aa . . . . 

Tungsten 

8.. 


Lanthanum 

23 . . . . 

Uranium 

9.. 


Didymium 

2 4 •• • • 

Tin 

10.. 


Erbium 

35 . . . . 

Titanium 

II . . 


Ytterbium 

36 .. .. 

Zirconium 

ia .. 


Samarium 

37 . . 

Thorium 

13.. 


Aluminium 

38 . . . . 

Germanium 

14.. 

15.. 


Gallium 

Indium 

39 • . • • 

Antimony 


GRAPH FOR ACID MIXING. 



By ERNEST C.«CRAVEN. 

It is a common practice in works using sulphuric acid in 
quantity to prepare acid of high cooceotration by mixing 
oleum and C.O.V. The proportions required are cal- 
culated from the laboratory report on the store tanks. 


between two side scales. One of the side scales is marked 
with C.O.V. concentrations and the other with oleum 
strengths, both on the same scale— unit length on 
each corresponding to the same per cent difference of 
SOj. The sliding panel bears a line which joins any two 
corresponding points on the side scales (or would join if 
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the scales were produced) — t.g ., ioo per cent H 2 S 0 4 , 
81*63 per cent S 0 3 . 

This line is divided in 100 parts or otherwise con- 
veniently sob-divided. By setting the end of this line to 
the desired mixture strength and laying a straight edge — 
or better, a taut thread across the side scales at the 
laboratory report figures— the relative proportions of 
oleum and C.O.V. can be read off on the divided line. 

The result is, of course, in relative weights of C.O.V. 
and oleum, but no practical error results from reading 
volumes instead of weights. Indeed, it is usually con- 
venient to sub-divide the line on sliding panel according to 
the dip of the standard charge for mixing tank, providing 
this has a constant cross section. The sketch shows a 
graph arranged for a 37" charge of 95*5 per cent acid. 

It will be perceived readily that the principle of the 
graph depends on similar triangles, and various devices, 
such as extra side scales, reversing the panel, &c., will 
suggest themselves to the user. 


THE NEUTRAL AMMONIUM SALTS OF 
ORGANIC ACIDS AND THEIR SUBSTITUTED 
DERIVATIVES.* 

[Seventh Communication]. 

By LE ROY MoMASTER and LETA WRIGHT. 

(Concluded from p. axo). 

Sulphonic Acids. 

The literature mentions a few ammonium salts of the 
sulphonic acids prepared in aqueous solution, but their 
properties are very inadequately described. Having never 
applied our general method to the preparation of ammonium 
aalts of this class of acids, we turned our attention to the 
preparation of some of them. Our results show that they 
can thus be readily made. 

Ammonium m - Nitrobenxenesuiphonatt . — Limpricht 
(Ann., 1875, clxxvii., 73) describes this salt as crystal- 
lising in clear leaflets without water of crystallisation, but 
gives nothing further of its properties. We prepared this 
salt in an ether solution as a white bulky non-crystalline 
compound. The salt dries quickly in the air and is very 
stable. It is not deliquescent, and does not give off 
ammonia in moist air nor in dry air at any temperature up 
to ioo°. At this temperature there is no evidence of any 
decomposition. The salt is soluble in water, to which it 
imparts a neutral reaction for at least several days. We 
could not prepare it in an ethyl alcohol solution on account 
of its solubility in that solvent. The salt is slightly 
soluble in methyl alcohol, and insoluble in chloroform, 
ether, and acetone. 

Calculated for C 6 H 4 (N 0 2 )S 0 3 (NH 4 )— Ammonium N, 
6*36 per cent ; found— 6*37 per cent. 

Ammonium m-Aminobenxenesulphonate or Ammonium 
Metanilate . — It was found that the acid is insoluble in 
ether and soluble in alcoholic ammonia. The ammonium 
salt was probably formed, but would not precipitate on 
account of its solubility in the ethyl alcohol. After 
saturating this alcohol solution with ammonia an attempt 
was made to precipitate the salt by adding an excess of 
ether. A white colloidal product resulted, which could 
not be filtered even on an alundum crucible. The mixture 
was allowed to stand for a number of days, and, after the 
ether had evaporated, a clear yellowish solution remained. 
Upon further evaporation the alcoholic solution became 
darker in colour and finally turned red. No crystals 
separated until practically all the solvent had evaporated, 
whereupon large dark red thick plates appeared. They 
gave a neutral reaction when dissolved in water. This 
aqueous solution, which was reddish in colour, did not 


* From the Journal of the American Chemical Society, xl., No. 4. 
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hydrolyse until it had stood for two days. The salt was 
stable at ordinary temperatures and slowly decomposed 
in dry air at 50°. It was decomposed readily in moist air. 

Calculated for C 6 H 4 (NH 2 )S 0 3 (NH 4 ) — Ammonium N, 
7*37 per cent ; found— 7-38 per cent. 

Ammonium 1.2. 4- S i tro toluene sulphon ate . — Jenssen 
(Ann., 1874, clxxii., 232) mentions this salt, but tells 
nothing about it except that it crystallises in long fine 
needles and is not decomposed at 190°. An attempt was 
made to precipitate it in ethyl alcohol, because it was 
thought that a better crystalline form could be obtained 
from alcohol than from ether. But though there was some 
precipitation it took place very slowly and very incom- 
pletely. The free acid was found to be insoluble in ether, 
but the ammonium salt came out beautifully when a sus- 
pension of the acid in ether was saturated with ammonia. 
The white precipitate was amorphous in form, and all of 
the free acid was converted into the salt. There was a 
slight amount of heat generated in this precipitation. 
This is unusual, for it has been found that almost always 
there is no heat generated when ether is used. The salt 
is not deliquescent. In dry air at 50° there was evidence 
of some decomposition of the salt after thirty minutes, but 
the rate was not much increased when the temperature 
was raised to ioo°. Moist air decomposed it slowly. It 
was found to be slightly soluble in methyl alcohol, still 
less so in acetone, and insoluble in ether and chloroform. 
It is slightly soluble in ethyl alcohol. The aqueous solu- 
tion is neutral and does not hydrolyse readily. 

Calculated for CH 3 .C6H 3 (NO a )S03(NH 4 ) — Ammonium 
N, 5 g8 per cent ; found— 6*02 per cent. 

The ammonium nitrotoluenesulphonate is less stable 
than the nitrobenzenesulphonate, but in other ways 
the salts resemble each other. The ammonium nitro- 
toluenesulphonate has a peculiar odour which is not 
noticeable with the ammonium nitrobenzenesulphonate. 

Ammonium 1.4 -Napkthylaminesulphonate. — The am- 
monium salt of this acid known as napbthionic acid is not 
mentioned in the literature. It was found that the acid 
is a very insoluble substance. A suspension of the acid in 
ethyl acetate was used for making the ammonium salt. 
It was easy to see it changing over to the salt, for the acid 
is a chalky white amorphous powder, while the ammonium 
salt is pinkish brown in colour and possesses a distinct 
crystalline form. Ammonium napbtbionate is soluble in 
methyl and etbyl alcohols and warm water. It is only 
slightly soluble in cold water. In solution it gives a red 
and blue fluorescence, which is characteristic of the salts 
of napbthionic acid (Piria, Ann., 1851, lxxviii., 31). The 
lead salt crystallises in small red grains, while the crystals 
of the ammonium salt are small pinkish brown grains. 
The ammonium salt forms a neutral aqueous solution 
which does not hydrolyse within three hours. The 6alt is 
stable in dry air at 50°, but after thirty minutes at ioo° 
there is a faintly perceptible change imparted to the colour 
of sensitive red litmus-paper. Moist air causes the salt to 
give of! ammonia. It does not deliquesce. 

Calculated for Ci 0 H 6 (NH 3 )S 0 3 (NH 4 )— Ammonium N, 

5 83 per cent ; found — 5*86 per cent. 

Ammonium 1.4-NaphtholsulphonaU.— There is no re- 
ference to this salt in the literature, though a number of 
other salts of the free acid, which is called “ Neville, 
Winther’s acid," have been investigated (Ber., 1880, xiii., 
1949; 'Ann., 1893, cclxxiii., 107). The acid is a very 
insoluble substance, but methyl alcohol and ethyl alcohol 
dissolve it slightly. The salt is very soluble in methyl 
alcohol, but was precipitated by adding to tbe solution 
ten times its volume of anhydrous ether. It was almost 
impossible to free the salt of the excess of solvent. It rapidly 
decomposed in dry and in moist air at ordinary temperatures, 
and its water solution, though neutral for about three 
minutes, quickly hydrolysed and gave an acid reaction. 
The salt is a light brown powder, a “ cocoa " coloured 
substance, while tbe free acid is slightly pink. By the 
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lime the silt wet thoroughly dry (e period of several days) 
analysis showed that it bad greatly decomposed. 

The salt was also prepared in a benzene suspension of 
the acid, and the same brown coloured powder was 
obtained. It dried very much more readily than the 
methyl alcohol product, but it gave off ammonia very 
rapidly. It was analysed a few hours after it was made, 
and the results showed that it had then more than half 
decomposed, although it had been either in a vacuum 
desiccator or in a tightly stoppered bottle during the mean- 
time. At first a water solution of the freshly prepared salt 
showed a neutral reaction, but it soon hydrolysed. The 
salt is insoluble in ether, chloroform, acetone, etbyl 
acetate, and benzene. 

Ammonium 1.5 Naphtholsulfhonati . — It was thought best 
to prepare this salt from an ether suspension, since it was 
found that it was, like the 1. 4-salt, very soluble in methyl 
alcohol, which ia the only medium in which the tree acid 
is easily soluble. The salt was quickly filtered and dried. 
It dried quickly to a finely-divided brownish powder, an 
aqueoos solution of which gave a neutral test for a period 
of ten minutes. Dry air at ordinary temperatures does 
not decompose it within a period of fifteen minutes, but 
after that it does. It quickly decomposes at 50° in dry 
air, and moist air at ordinary temperatures decomposes it 
readily. 

Both this 1. 5-salt and the salt of Neville, Winther’s acid 
are very soluble in methyl alcohol, somewhat soluble in 
etbyl alcohol, and insoluble in ether, ethyl acetate, 
benzene, chloroform, and acetone. The 1.4 salt is also 
insoluble in acetic acid, while the 1.5-salt shows a slight 
solubility in this medium. This latter salt, as well as the 
former, lost ammonia so readily that one analysis showed 
only 2*25 per cent N. The correct value is 5*81 per cent. 

Other Acids. 

Ammonium Benxilate. — There is no record of this salt 
ever having been prepared, though other salts of benzilic 
acid have been studied (Symons and Zincke, Ann., 1874, 
clxxi., 131). The free acid is soluble in methyl and ethyl 
alcohols, ether, and ethyl acetate, but ammonia will not 
precipitate the salt from any of these solutions. In ether 
a precipitate did form at first as an amorphous white 
powder, but on addition of more ammonia this changed to 
a sticky half-transparent mass, which in turn dissolved 
when still more ammonia was added. Finally, a benzene 
suspension was treated with ammonia. The fine white 
needles of the free acid were very rapidly changed over 
into a yellowish mass exactly like that encountered in one 
stage of the ether solution treatment. This mass did not 
change in appearance materially for a period of three hours, 
during which time ammonia was constantly bubbled through 
the solution. At the end of that time the flask was removed 
and stoppered. It was allowed to stand for two days, and 
then small transparent crystals were seen distributed over 
the bottom and sides of the flask. The mass that bad 
been soft and sticky bad become bard, and when broken 
up it was found to consist of the same small granular crystals 
which coated the flask. These crystals were filtered and 
dried in a vacuum for a short time, and tested for 
neutrality and stability. Their aqueoos solution was 
neutral. They are not deliquescent. Moist air slowly 
decomposes the salt, and dry air at 50° causes it to lose 
ammonia after thirty minutes. 

Calculated for fC6H 5 )aC(OH)CO a (NH 4 )-N, 571 per 
cent ; found— 571 per cent. 

Tbia dipbenylhydroxyammoniom acetate resembles very 
much more closely the salts of pbenylacetic acid and its 
substituted derivatives than it does that of glycolic acid 
itself. It baa been found by one of os that ammonium 
phenylacetate and the substituted pbenylacetatet are stable 
salts, some of which are yellowish in colour ; they give ofl 
ammonia slowly in moist air, and they can all be prepared 
in alcohol. Thia is not true of the benxilate, and that 
bet constitutes the only point of resemblance between the 


benxilate and glycolate itself. Ammonium glycolate 
rapidly Ioees~ammonia in the air and is hy g roscopic 
(McMaster and Magill, Joum. Am. Chem. Soc., 1916, 
xxxviii., 1788). Also a water solution of ammonium 
glycolate hydrolyses very readily, and one of ammonium 
benzilate does not. 

Ammonium Oxanilate.— This salt has been prepared 
and some of its properties studied (Laurent and Qerhardt, 
Ann., 1848, lxviii., to; Ascban, Bar., 1890, xxiii., 1821). 
It is described as plates, slightly soluble in cold water and 
cold alcohol, but very soluble in hot water and hot alcohol. 
It is also stated that it begins to lose its ammonia at 190*. 

The neutral salt can be precipitated from an ether sus- 
pension ot the acid in the form of a curdy mass or as a 
flaky precipitate from a methyl or ethyl alcohol solution 
of the acid. Considerable heat was developed when the 
ammonia was passed into the alcohol solutions, and it was 
necessary to keep the solutions cold. Flaky yellowish 
white crystals precipitated. When perfectly dry the salt 
is composed of fine white needles. 

The salt is soluble with difficulty in cold water, to which 
it imparts a neutral reaction. The aqueous solution dots 
not hydrolyse. It is only sligfatly soluble in methyl and 
ethyl alcohols, and insoluble in acetooe, ether, and 
benzene. The salt is not deliquescent, and gives off no 
ammonia in dry air until heated above ioo°. Laurent and 
Gerhardt found that at 190° this salt began to lose 
ammonia, and at the same time a little aniline was 
formed, and finally there remained oxanilido. On gently 
beating we also found aniline to be formed. In moist au 
ammonia is slowly given off. 

Calculated for NH(C6H 5 )CO.CO,(NH 4 ) — Total N, 
15*38 per cent ; found— 15*36 per cent. 

Ammonium Phony ipropiolate. — Pheoylpropiolie acid, 
which contains a triple bond, is the first acid of its type 
whose ammonium salt has been studied in the laboratory 
of Washington University. There is no record of the salt 
having been made elsewhere. It was precipitated in an 
ether solution of the free acid. A little heat was developed 
during the saturation with ammonia, which is an unusual 
occurrence with ether solutions. The salt is a pure white 
powder having a slight odour. It is somewhat soluble in 
ethyl alcohol, very soluble in methyl alcohol, and insoluble 
in chloroform, acetone, benzene, and ether. An aqueous 
solution is neutral for about two hours, after which time 
it slowly hydrolyses and gives an acid reaction. Moist air 
causes it to lose ammonia, but in dry air at 50° it remains 
unchanged for about one hour before it begins to lose 
ammonia slowly. This salt is not hygroecopio. 

Calculated for CeH 5 CiCCO a (NH 4 )— N, 8*59 percent; 
found— 8*62 per cent. 

Work is still in progress in this laboratory 00 the 
ammonium salts of organic acids 


BUILDING AFTER THE WAR. 


The Committee of the Ministry of Reconstruction which 
is making an inquiry throughout the country from local 
authorities, builders, architects, and others as to the 
probable demand for, and supply of, building materials 
during the reconstruction period two years after the war, 
has extended, until July 1, 1918, the date upon which the 
Inquiry Forms already sent out are to be returned. 

The Committee hopes that any authority, person, or 
firm contemplating building works immediately after the 
war who has not received one of the Committee's Forma 
of Inquiry will apply either directly or through an archi- 
tect to the Secretary of the Building Materials Supply 
Committee, 6a, Dean's Yard, Westminster, for a Form. 

In cases where only sketch plans have been prepared 
and the preparation of complete plans and bills of quanti- 
ties has been postponed until after the cessation of 
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Orders or the Ministry or Munitions. 


hostilities, it would appear that no materials will be 
required until at least six months after the war, and as 
regards these works it will suffice if the undermentioned 
particulars are furnished : — 

County. 

Description of building. 

Estimated pre-war value of the work. 

Estimated date of commencement of building. 

Estimated duration of contract. 

Wherever possible, however, approximate quantities of 
materials needed should be furnished, especially in the 
case of building-stone and bricks, steel, and timber. 

Materials needed for repairs, maintenance, &c., form the 
sob : ect of a special inquiry, and particulars of these are 
not needed at present. In other matters, however, it is 
hoped that every effort will be made to complete Forms of 
Inquiry by the date specified. Unless the Committee is 
made fully aware of the prospective needs of consumers it 
will not be possible to estimate how far the available 
supplies will meet the demand, and its efforts to secure co- 
ordination may thus prove unsuccessful. 


ORDERS OF THE MINISTRY OF MUNITIONS. 

Copper Sulphate. 

Whereas the Minister of Munitions desires to amend the 
Copper Sulphate Order, iqi8, in manner hereinafter 
appearing. 

Now, therefore, in exercise of the powers conferred upon 
him by the Defence of the Realm Regulations and of all 
other powers enabling him, the Minister of Munitions 
hereby orders as follows : — 

1. The maximum prices fixed by the Copper Sulphate 
Order, 1918, shall not apply to any sale or purchase 
effected after the date of this Order of copper sulphate 
guaranteed in writing by the vendor to be specially purified 
and to contain a specified percentage of copper sulphate, 
being not less then 99 per cent. 

2. The maximum prices at which, after the date of this 
Order, sales and purchases of finely-ground copper sul- 
phate in powder form may be effected shall be those 
specified in the Copper Sulphate Order, 1918, with the 
following additions, namely 

1 os. per ton in the case of sales and purchases of 
2 cwls. or upwards. 

JJ. per lb. in the case of sales and purchases of 28 lbs. 
and over but less than 2 cwts. 

$d. per lb. in the case of rales and purchases of x lb. 
and over but less than 28 lbs. 

3. This Order may be cited as the Copper Sulphate 
(Amendment) Order, 19x8. 

Note. — All applications in reference to this Order 
should be addressed to the Director of Acid Supplies, 
Ministry of Munitions, Department of Explosives Supply, 
Storey’s Gate, S.W. 1, and marked “ Copper Sulphate.” 

Compound Fertilisers. 

The Minister of Munitions, in exercise of the powers 
conferred upon him by the Defence of the Realm Regula- 
tions. and of all other powers enabling him, hereby Orders 
as follows » 

1. This Order shall take effect as on and from June 5, 
19x8. 

2. For the purpose of this Order and the Schedules 
hereto, the following expressions shall have the following 
meanings : — 

“Potash” shall mean compounds of potassium cal- 
culated as potassium oxide soluble by the methods pre- 
scribed by the Fertiliser and Feeding Stuffs (Method of 

Analysis) Regulations, 1908. 
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44 Compound Fertiliser ” shall mean any fertiliser, or 
substance intended or sold for use as a fertiliser (how- 
ever described or named), which is manufactured or 
made by mixing or compounding together, artificially, 
any two or more separate substances. Provided that 
the product obtained by treating with sulphuric acid, or 
any similar reagent, a single substance containing 
nitrogen phosphates and potash, or any one or more of 
such constituents, shall not be regarded as a compound 
fertiliser for the purposes of this Order. 

44 Unit” shall mean 1 per cent by weight in 1 ton of 
fertiliser. 

44 Maker of Compound Fertilisers ” shall mean a mixer 
or compounder of any compound fertiliser as above 
defined. 

3. For the purposes of this Order the maximum prices 
for compound fertilisers shall be as follows : — 

(а) In the case of sales for delivery free on rail, cart, 
barge, or ship at maker’s works, the basis price for 
compound fertiliser of the description sold to be arrived 
at as provided in Clause 7 of this Order with the addi- 
tion of a charge for mixing or compounding, bags and 
bagging, not exceeding 25s. per ton, and with the addi- 
tion also (in the case of sales of less than 2 tons) of the 
extra distribution charges authorised under Paragraph 
ft) (i.) of this clause in the case of sales of similar 
quantities ix vendor’s store or shop or ex warehouse. 

(б) In the case of sales for delivery elsewhere than at 
maker’s works the maximum prices authorised under 
Paragraph (a) above for sales of quantities of 2 tons 
and upwards for delivery free on rail at maker’s works 
with the following additions, namely : — 

(i.) In the case of sales for delivery ex vendor’s 
store or shop, or ex warehouse (other than maker’s 
store or warehouse at point of manufacture), the fol- 
lowing extra distribution charges according to the 
quantity of compound fertiliser included in the sale, 
namely: — 

Quantity told. Additional price authorised. 

x ton and ovei 10s. per ton 

2 cwts. and over but less than 1 ton is. per cwt. 

1 cwt. and over but less than 2 cwts. 2s. „ 

28 lbs. and over but less than 1 cwt. 3s. „ 

Over 14 lbs. but less than 28 lbs. .. 48. „ 

(ii.) In the case of sales for delivery ex railway 
goods yard or public wharf, an extra distribution 
charge at the rate of as. 6d. per ton of compound 
fertiliser included in the sale. Provided that this 
additional charge shall not be made in the case of 
sales of more than 1 ton. 

(iii.) In the case of all sales for delivery elsewhere 
than at maker’s works all costs of transport of the 
compound fertiliser from maker’s works to place of 
delivery, and cartage or haulage to be charged at not 
exceeding local rates. 

4. On sales of 2 tons and upwards by makers to 
agricultural merchants and dealers or to co-operative 
companies and societies incorporated or registered under 
the Industrial and Provident Societies’ Act, or any other 
Act, the maximum prices fixed by Clause 3 of this Order 
shall be reduced by a discount or allowance to the pur- 
chaser, such discount to be 5s. per ton where the maximum 
price of the compound fertiliser (after deduction of such 
discount) is less than £6 per ton, and 7s. 6d. per ton where 
the maximum price (alter deduction of a 5s. discount) is 
£6 per ton or upwards. 

5. The maximum prices fixed by this Order are net cash 
prices for compound fertiliser in maker’s or vendor’s bags 
or other packages, net weight excluding weight of bags. 
Where credit is given to the purchaser a reasonable extra 
charge may be made, provided that the discount allowed 
for net cash is quoted on the invoice, and is such as to 
bring the net cash price within the maximum authorised. 
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II purchaser's bags or other packages are used or the 
purchaser takes delivery in bulk without bags a reasonable 
allowance shall be made to the purchaser. Where com- 
pound fertiliser is sold for delivery in bags (other than 
psper-baat) containing less than 2 cwt. each, an extra 
charge of 4d. per bag may be made beyond the maximum 
price which would otherwise have been authoiisid. 

6. The maximum prices fixed by the foregoing pro- 
visions of this Order are for sales of compound fertilisers 
for delivery during December, 1918. In the case of sales 
of compound fertilisers for delivery during other months, 
the maximum prices are in each case to be reduced or in- 
creased is. 6d. per ton per month, according as the month 
for delivery precedes or is subsequent to December, 1918, 
but with a maximum decrease and increase of 78. fid. 
per ton ; e.g., the maximum prices for sales of compound 
fertilisers for July, 1918, delivery will be 7s. 6d. less per 
ton, while the maximum prices for sales tor May, 1919, 
delivery will be 7s. 6d. more per ton than the maximum 
prices fixed as above for sales for December, 1918, 
delivery. 

7. For the purposes of Clauses 3 and 9 of this Order the 
basis price for any compound fertiliser shall be the 
aggregate valoe of the nitrogen, phosphates, and potash 
com ioed in the compound fertiliser when valued at the 
respective unit rates specified in tne first schedule hereto, 
and distinguishing in the case of nitrogen between the 
two classes of nitrogen, and in the case of phosphates, 
between the three descriptions of phosphates, also specified 
in the first schedule. In arriving at such basis price 
nothing shall be allowed or added for the valoe of any 
constituents of the compound fertiliser other than nitrogen, 
phosphates, and potash. 

8. As on and from the date on which this Order takes 
effect no person shall sell or purchase or offer to sell or 
purchase any compound fertiliser at a price exceeding that 
prescribed by this Order as the maximum price (having 
regard to quantity, composition, packages, date for and 
terms of delivery) for such sale. Provided that— 

(а) A vendor of compound fertiliser shall not be liable 
to conviction for selling at a price in excess of the 
maximum price prescribed by this Order if the invoice 
given to the purchaser, as required by Clause 9 of this 
Order, states accurately with n the limits of error 
allowed by that clause the percentages of the different 
constituents therein referred to contained in the com- 
pound fertiliser sold and the pi ice charged and stated 
on such invoice does not exceed the correct maximum 
price on the basis that the percentages stated in such 
invoice are correct ; and — 

(б) A purchaser of compound fertiliser shall not be 
liable to conviction for purchasing at a pace exceeding 
the maximum price unless the price agreed to be paid 
by him is to his knowledge in excets of the maximum 
price authorised for such purchase. 

9. As on and from the date 00 which this Order takes 
effect, no person shall sell any compound fertiliser without 
giving to the purchaser on or before or as soon as pos- 
sible after delivery an invoice stating : — 

(а) The percentage contained in such compound 
fertiliser of each of the following constituents contained 
therein, namely (i.) Class I., Nitrogen ; (ii.) Class II., 
Nitrogen ; (iii.) Water Soluble Phosphate ; (tv.) Citric 
Soluble Phosphate ; (v.) Insoluble Phosphate ; and (vi.) 
Soluble Potash, all as move particularly defined in the 
first schedule hereto (such percentages to he stated 
accurately in the case of each constituent within the 
limits of error specified in the second schedule hereto ; 

(б) The maximum unit rates authorised to be charged 
for each of such constituents as specified in the first 
schedule hereto ; 

(r) The basis price for such fertiliser in which may, 
however, be included any charge made for credit ; 

(<#) All addition made to such basis price in arriving 
at the actoal price charged for such fertiliser (including 


the maker's charge, not exceeding 25s. per ton for 
mixing or compounding, bags and bagging) ; and 

(r) The price charged for the compound fertiliser, and 
where such price includes an extra charge for credit, 
the discount allowed for net cash. 

zo. None of the foregoing provisions or restrictions of 
this Order as regards maximum price or otherwise shall 
apply to : — 

(а) Any sale of any compound fertiliser for export 
from the United Kingdom to any country other than the 
Channel Islands or the Isle of Man. 

(б) Any sale of any compound fertiliser in quantities 
not exceeding 14 lbs. 

(c) Any sale of compo u nd fertiliser in quantities 
exceeding 14 lbs., where the compound tertiliser is sold 
for horticultural purposes, packed in special bags, tins, 
boxes, or cartons, each branded or marked with the 
maker's or vendor's name and address, and the worda 
•• Horticultural Fertiliser, ** and containing not more 
than 14 lbs. 

(d) Any sale of any compound fertiliser for delivery 
prior to July 1, 1918. 

11. As on and from July i, 1918, no person shall manu- 
facture or produce any compound fertiliser, nor shall any 
maker of compound fertiliser sell any such fertiliser, 
except under a licence issued by or under the authority of 
the Minister of Monitions, and in accordance with any 
terms and conditions of such licence. 

12. All persons engaged in producing, making, selling, 
distributing, or storing any compound fertiliser shall make 
such returns with regard to their businesses, and shall 
verify the same in such manner (including production of 
their books to any accredited representatives of the 
Minister of Monitions) as shall from time to time be 
required by or under the authority of the Minister of 
Munitions. 

13. None of the foregoing provisions or restrictions of 
this Order shall apply to a sale, by a maker to a con- 
sumer, of two or more fertilisers or substances, neither of 
which is by itself a compound fertiliser as defined by this 
Order, notwithstanding that it is one of the terms of the pci • 
chase that the fertilisers or substances purchased are to be 
artificially mixed or compounded together by the maker 
before delivery, provided that such fertilisers or substances 
are sold separately by description as aoch, and that an 
invoice is given to the consumer on Or before or as soon 
as possible after delivery which states the quantity and 
price of each of the feitilisers or substances incloded in 
the mix;ure or compound as del vrred, aod the charge 
made for mixing or compounding bags and bagging. 

14. This Order and the Fertilisers and Feeding Stoffa 
Act, 1906, shall operate and have effect independently of 
one another, and nothing contained in this Order shall be 
held to exempt any person from compliance with any of 
the provisions or requirements of such Act, or any 
Regulations made thereunder, applicable to sales or pur- 
chases of compound fertilisers; nor shall any of the 
provii ions of the said Act or Regulations be held to govern 
or affect any of the requirements or provisions of this 
Order, or any proceedinp instituted in respect of any 
breach thereof. 

15. This Order supersedes the Orders relating to com- 
pound fertilisers made by the Minister of Munitions on 
October 13, 1917, and November 14, 19x7, excepting only 
as regards sales or purchases of compound fertilisers made 
before or after the date of this Order for delivery before 
June 1, 1918. 

16. This Order may be cited as “ The Conpouni 
Fertilisers Order, 1918.** 

Nots.— All applications in reference to this Order 
should be addressed to the Director of Acid Supplies, 
Ministry nf Munitions, Department of Explosives Supply, 
Storey’s Gate, Westminster, S.W. 1. 
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General Factors in Mental Measurements i 5$T** 


The First Schedule. 

(Unit rates of nitrogen, phosphates, and potash for 
the purpose of the above Order). 

Part i .—Nitrogen. 

Class x. Unit rate. 

Derived from sulphate of ammonia, salts of 
ammonia, nitrate of soda, or other salts of 
nitric acid, cyanamide, meat, blood, bone, 
slaughterhouse refuse, ground horn, ground 
hoof, guano, fish offal, fish meal, fish guano, 
oilseed cakes or meals, or dissolved shoddy, 
dissolved wool waste, or dissolved silk waste 

as below defined 18s. 6d. 

(Note. — The expression “dissolved shoddy,*’ “ dissolved 
wool waste,” and “dissolved silk waste” shall mean 
shoddy wool waste and silk waste treated with sulphuric 
acid or any similar reagent in such a way that at least 80 
per cent of the fibre is destroyed). 


Cists a. Unit rate. 

Derived from other sources 78. 6d. 


Part 2. — Phosphates. 

Description. Unit rate. 

“Water Soluble,”*.*., rendered soluble in water 4s. 3d. 
“Citric Soluble,” *.*., insoluble in water, but 
soluble in a 2 per cent solution of citric acid 
in the manner prescribed by the Fertilisers 
and Feeding Stuffs (methods of analysis) Re- 
gulations, 1908 2S. 6d. 

“ Insoluble,” *.*., insoluble either in water or in 
a 2 per cent solution of citric acid in the 
manner prescribed by the said Regulations .. is. 6d. 

Part 3 .—Potash. 

“Soluble,” i.e. t soluble by the methods pre- 
scribed by the said Regulations 25s. od 

The Second Schedule. 

(Limits of error referred to in Clauses 8 and 9 of 
the above Order). 

Nitrogen Class 1 0-3 — 

Nitrogen Class 2 0 3 — 

Phosphate water soluble . . 1 — 

Phosphate citric soluble . . 1 — 

Phosphate insoluble .... z — 

Potash soluble 0*3 (a) 0 5 ( b ) 

(а) If the percentage of potash stated in the invoice 

does not exceed 4. 

(б) If such percentage exceeds 4. 

(Note. — The above figures for limits of error represent 
percentages of the whole bulk of the compound fertiliser). 
June 4, 1918. 


MINISTRY OF RECONSTRUCTION. 

Compulsory Arbitration Disapproved. 

The Whitley Committee on the Relations between Em- 
ployers and Employed have presented a further report 
which is now published by Dr. Addison, Minister of Re- 
construction. It deals with conciliation and arbitration. 
The Committee pronounce definitely against any system 
of compulsory arbitration, on the grounds that it is not 
generally desired by employers and employed, that it has 
not proved a successful method of avoiding strikes during 
the war, and that it would be less likely to be successful 
in time of peace. They also pronounce against any 
scheme of conciliation which would compulsorily suspend 
a strike or lockout pending an enquiry. 

The Committee advocate the continuance, however, of 
the present machinery for voluntary conciliation and 
arbitration, and hope that the setting up of Joint Industrial 


Councils (on the lines recommended in their earlier 
reports) will tend to the growth of such machinery. They 
consider that there should be means for holding indepen- 
dent enquiry into the circumstances of a dispute and for 
making an authoritative pronouncement thereon without 
the compulsory power of delaying the strike or lockout. 
Their main constructive suggestion is that a Standing 
Arbitration Council should be established on the lines of 
the present temporary Committee on Production. To this 
Council disputants would be able voluntarily to refer such 
differences as they are themselves unable to settle. 

It is suggested, howtver, that single arbitrators should 
be available for less important cases which could be heard 
locally. It is further suggested that the Standing 
Arbitration Council should take means to secure the co- 
ordination of arbitrators* decisions. The Committee are 
opposed to the enforcement of awards and agreements by 
means of monetary penalties. 

The report is available from H.M. Stationery Office, 
Imperial House, Kingsway, W.C. 2, price one penny. 


PROCEEDINGS OF SOCIETIES* 

ROYAL SOCIETY. 

Ordinary Meeting x May 16, 1918. 

Sir J. J. Thomson, O.M., President, in the Chair. 

Papers were read as follows : — 

“ Certain Coloured Interference Bands and the Colours 
of Tempered Steel." By A. Mallock, F.R.S. 

After alluding to the interference bands seen when two 
rows of posts, &c., or two gratings are viewed one through 
the other, the paper deals with a particular case of such 
bands, namely, that when a plate of dispeisive material, 
such as glass, is placed between the two gratings, or, 
which amounts to the same thing, when a single grating 
is placed on a thick mirror, and the interference takea 
place between the grating and its reflective image. 

The bands so formed are coloured. The composition of 
the colours in terms of primary red, green, and violet is 
given diagrammatically by means of Maxwell’s chromatic 
triangle for nine examples. It is noticed that the 
sequence of colours in some of these agrees closely with 
those of tempered steel. 

It is shown that the colours of tempered steel are not 
“colours of thin plates,” and it is suggested that they 
must be due to the formation of some material whose 
molecular period is comparable to the period of light 
waves and not to a structure comparable with the wave- 
length. 

“ General Factors in Mental Measurements .” By 
J. C. M. Garnett. 

An enquiry into the mathematical argument for the 
existence of Prof. Spearman’s general factor g t in all 
mental abilities of which measurements had been pub- 
lished during many years, led to an investigation into the 
consequences that must follow from the condition that the 
correlation between every pair of columns in a correlation 
table is ± z. 

These consequences were found to be that there is one 
and only one factor common to all the qualities whose corre- 
lations form the table ; that there are no group factors 
common to two or more qualities but not to all ; and that 
there may be any number of specific factors each belonging 
to one quality only. 

It was found that any quality which is distributed 
according to the normal law, and depends only on n in- 
dependent factors (qualities), say, xix 2 ...x n , which are 
distributed according to the normal law and which have 
the same standard deviation, may be represented by— 

q~liX\-\-lzX 2 + ...4Wn*n» 
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jEH?. Urt*’) Tunes of Sudden Commencement oj Magnetic Storms. 


vfafi re— - 

/i t + /a Q + ... + /n a -I. 

The standard deviation of q % moreover, will be the same 
as of *1*2 ... *m. 

The existence is indicated of a third general factor c 
(“cleverness”) independent both of Prof. Spearman's g 
(“general ability”), and of Dr. Webb's w (“purpose 

How much would be known concerning the mental 
qualities of an individual whose g, », and c had been 
measured is discussed in concluding the paper. 

“ Absorption of X-rays in Copper and Aluminium ." By 
C. M. Williams. 

The paper deals with the relation between the mass 
absorption coefficients of X-rays in copper and aluminium 
and the respective wave-lengths over a range of 0 431 — 
0*637 A.U. Homogeneous rays were produced by the 
interference method, a rock-salt crystal being used to 
analyse a beam of X-rays generated by a Coolidge tube. 
Precautions were taken that the reflected beam consisted 
of a pure radiation, waves of a bigber order than the first 
being eliminated. 

The difficulty encountered by the variation in intensity 
of the source was obviated by using a “ double " ionisation 
chamber. By means of this the beam reflected from the 
crystal was divided into two parts, one of which was used 
to standardise the variations in intensity of the other, upon 
which the absorption experiments were made. Very con- 
sistent resolts were obtained, separate determinations not 
differing by more than 1 per cent. 

The relation between the two absorption coefficients are 
examined, and the dependence of each of the latter on the 
wave-length. A notable feature is the occurrence of dis- 
continuities in the curves representing the results ; these 
may probably be connected with the J series recently 
described by Baikla. 

With respect to the approximate relation between the 
mass absorption coefficient /4/p and the wave-length A 
given by the equation p/p- eA* + C, where a, *, end C are 
constants, it appears that, while the relation is fairly well 
satisfied in the case of copper by giving n the value 5/2 -a 
result in conformity with Owen's 5th -power absorption 
—the results for aluminium show a value n - 3. 

" Electrical Resolution and Broadening of Helium Lines." 
By T. R. Merton, D.Sc. 

1. The broadening of helium lines by condensed spark 
discharges is in close agreement with the electrical resolu- 
tion of the lines. 

2. The “ isolated components ” in the electrical resolu- 
tion which have been recorded by Biunetti, and by 
Tskamine and Yoshida, have been found in the broadened 
lines. 

3. An explanation is offered of tbe relative degree of 
broadening of lines of tbe “ arc " and “ spark ” type, on 
tbe supposition that the latter acts as a kind of safety 
vslve to the former when the intensity of excitation 
becomes vt ry great. 

4. It is suggested that tbe “ isolated components N are 
not a direct product of the electrical resolution, but are 
in reality an extension of the helium spectrum. Two of 
these lines may, perhaps, be represented as lines of com- 
bination series. 


PHYSICAL SOCIETY. 

Ordinary Meeting , May 10, 1918. 

Prof. C. H. Lees, F.R.S., President, in tbe Chair. 

A paper on “ The Times oj Sudden Commencement of 
Maputu Storms ” was read by Dr. S. Chapman. 

The pater is a discussion from a new standpoint of tbe 
data, collected by Dr. Bauer, for 15 magnetic storms. 
Maondet's work on the recurrence of magnetic storms at 
intervals equal to the rotation period of the son suggests 
that storms are due to some solar agent transmitted along 


narrow well-defined streams, issuing from and rotating with 
the son. This suggests the view that the relative time of 
commencement of a storm at different stations depends 
mainly on the orientation of the latter at the time, relative 
to the sun ; on tbe local time at the station. This 
forms the basis of the classification in the paper. 

DlSCUSStON. 

Dr. Chree said that after hearing the paper he was 
uncertain whether Dr. Chapman did or did not believe 
that the figures proved anything. He (Dr. Chree) did not 
think that they did. To deal with a question of a few 
seconds' difference at different stations, it would, he 
thought, be desirable to employ not merely a more open 
time scale, but magnetographs 01 greater and desirably 
uniform sensitiveness. When a magnetic change became 
recognisable depended on the sire of the movement and 
the sensitivenesa of the magnetograpb. An apparent 
difference in time between day and night hemispheres 
would naturally arise if movements tended to be larger in 
the one than the other. One objection which he had 
urged against Dr. Bauer's views also applied to the 
hypothesis considered by Dr. Chapman, vis., that as soon 
as a disturbance began at any part of the earth's atmo- 
I sphere it would naturally be propagated by electromagnetic 
waves to other parts. He was not aware of any direct 
evidence confirmatory of Dr. Chapman's statement that 
atmospheric currents causing the diurnal variation were 
mainly situated in the comparatively near neighbourhood 
of the station. Also, even if this were the case, be did 
not see that any inference could be drawn as to what 
happened in the case of so different a phenomenon as a 
“sodden commencement." We did not even know 
whether the electrical currents causing the two pheno- 
mena were at the same level in the atmosphere. “ Sudden 
commencements ” were sometimes large, 507 or even xooy. 
They were not instantaneous changes, the rise normally 
seen in horizontal force in ordinary latitudes taking 
usually four or five minutes to attain its full value, a 
curious feature being that the high value was generally 
retained for some time, sometimes, in fact, for several 
hours, especially at stations in certain latitudes. A con- 
sideration of the exact nature of the phenomena was a 
desirable prelude to any theorising. On the historical 
question which Dr. Chapman had raised, as to the dis- 
covery of a tendency to “ repetition ” in magnetic storms, 
it was very natural for him as a Greenwich man to 
emphasise the really valuable work which Mr. Maunder 
had done in this connection, but it was only fair to re- 
member the much earlier work of Broun, and the indepen- 
dent work of A. Harvey and the late Prof. Birkeland. 
One reason why a belief in tbe “ repetition ” of magnetic 
storms had advanced so slowly was that sun spot theories 
bad been so often suggested by cranks that they were 
naturally somewhat suspect. In the case of magnetic 
disturbances, and Mr. Maunder 'a Greenwich lists were no 
exception to the rule, the great majority did not have a 
“ sudden commencement," and opinions as to when the 
average storm began or ended might differ by several 
hours. It was thus in general impossible to assign an 
exact value to the interval between two storms. Further, 
what one man called a “ storm ” another did not, so 
where one might see a “repetition " another would not. A 
further complication was the existence of a diurnal period 
in disturbance data, representing partly statistical imper- 
fections and partly a real natural phenomenon. Dr. 
Chapman did not seem to realise that the twenty-seven day 
period was just as manifest as in disturbed conditions, it 
was also important to remember that it bad presented 
itself in years like 19x3, when sunspots were almost non- 
existent, just as decisively as in years of many sunspots. 

Prof. Nbwall said that when Maunder s results were 
first brought forward it was felt to be a difficulty that 
they should involve an almost geometrical recurrence; 
because, of course, the disturbances on tbe surface of tbe 
son were travelling with varying periods. When tbe slide 
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showing the periodic recurrence of certain storms was first 
shown by Maunder it was noted that a i per cent dif- 
ference in the adopted rotation period would change the 
direction of the lines which indicated coincidence of period 
to 45° from the vertical. One saw on looking at the slide 
that there were many cases in which lines at different 
angles would suit. No one familiar with eclipse pheno- 
mena could doubt, however, that something originated in 
the sun. Many of the streamers sent out from the corona 
seemed quite straight, and it was difficult to resist the idea 
that sometimes the earth would be at the other end. Had 
Dr. Chapman considered the difficulty raised by Kelvin 
of the necessary energy relations ? The energy of the 
magnetic storm itself might be attributed to something 
abstracted from the energy of rotation of the earth by the 
particles after entering the atmosphere. 

Father Cortie thought Maunder was the first to con- 
nect the twenty-seven day period with the solar streamers. 
There seemed to him to be a difficulty about these streamers 
of charged particles. Schuster showed that owing to the 
mutual repulsion of the charges the stream would be dis- 
persed. He did not think that any particular storm was 
associated with a particular sunspot, but with a disturbed 
area of the sun which might extend many degrees. His 
idea was that the dispersed streamers from the disturbed 
regions formed clouds of particles, and that the earth may 
enter such a cloud, giving rise to magnetic storms. From 
the table it seemed to him that there was a slight prepon- 
derance of effect on the night side relative to Greenwich — 
over the Pacific Ocean. Would the presence 
of a large expanse of water be likely to affect the 
phenomena ? 

Mr. T. Smith asked why the times of sudden commence- 
'raent were chosen. He would imagine that similar time 
relationships would hold for any prominent feature. One 
would normally expect greater irregularities just at the 
beginning of the storm than when it was well under way. 
When it was known that a storm had commenced, wide 
scale runs could be started and measurement* made on 
some subsequent outstanding feature. 

A Member asked what irregularities might be due to 
lag in the different instruments used in the different 
observations. 

Prof. Lees said that when Dr. Chree first brought the 
matter before the Society he had set some of his students 
to work out the correlation factor of Bauer’s figures. The 
factor was so low that there was evidently no basis what 
ever for Bauer’s theory. 

Dr. Chapman, in reply, said he did not put any reliance 
on the actual figures given in the paper. The observa- 
tional error was too great. It was the method of treating 
the observations that he thought was of importance. He 
thought diurnal variations were produced at lower levels 
of the atmosphere than storms. By 14 near neighbourhood ” 
he meant within about iooo kilometres or so. He did not 
think Maunder connected the storms with actual sunspots, 
but rather with disturbed regions. Of course, any proper 
motion of the disturbed region on the sun would alter the 
period in particular cases ; but in examining a long series 
it was best to take the synodic period since the others 
would be distributed on either side of this. He bad not 
yet gone into the energy question, but did not think that 
this would present any insuperable difficulties. He did 
not think the streams would diffuse very much. He 
thought they consisted of a-particles. They did * not 
necessarily proceed radially from the sun, but might emerge 
in all directions from radial to tangential. This, however, 
would not seriously affect the time taken to pass across the 
earth. There was a definite reason for choosing the com- 
mencement times of the storms. When the storm is under 
way the magnetic state of the earth is fluctuating, and it 
is difficult to recognise accurately particular features. 
There was certainly a lag in the measurements which 
differed in different instruments ; but the effect of this was 
greatly reduced in the present method of grouping the 
observations, since the same instrument on different 
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occasions contributes results to different groups. In this 
respect the method has a great advantage over classifica- 
tion on a geographical basis, in which case any instrument 
is always in the same group. 

A paper entitled 11 The Entropy of a Metal ” was re .d by 
Dr. H. b. Allen. 

An expression for the entropy of 1 grin, atom of a sub- 
stance in the solid state has been given by Ratnowsky. In 
a communication to the Physical Society in 1916 the author 
gave the correct form of the approximation required .for 
high values of the absolute temperature in terms of 
Bernoulli’s numbers. The data required for testing the 
formula have been supplied in a recent paper by Lewis 
and Gibson, who have given values for the entropy of the 
elements under the condition of constant volume, and also 
under constant pressure. These values were deduced 
from observations on the specific heat assuming the 
*truth of the heat theorem of Nernst, that the entropy 
of every actual substance in the pure state is zero 
at the absolute zero of temperature. It is found that the 
formula of Ratnowsky gives values for the entropy of a 
solid in very close agreement with those obtained by 
Lewis and Gibson. The hypotheses assumed in the 
theory of Ratnowsky are discussed, and the conclusion is 
drawn that these are probably justified as being at least 
approximately true. 

A paper, entitled “On Tracing Rays through an 
Optical System ,” was read by Mr. T. Smith. 


FARADAY SOCIETY. 

Ordinary Meeting , May 7, igi8. 

Sir Robert Hadfibld, Bart., F.R.S., President, 
in the Chair. 

The President opened a general discussion on “ The Co- 
ordination of Scientific Publication 

Sir Robert prefaced his remarks by saying that it was 
for the Conjoint Board of Scientific Societies to decide 
upon a policy, but he hoped that the discussion might 
prove helpful. 

Federation of interests between scientific societies could 
be brought about without any new organisation. For 
example, pipers which overlapped several societies should 
be brought before the members of all, although only one 
need publish them. * 7 

Both “geographical” and “ subject ” co-ordination bad 
to be considered. The former should generally centre 
round the metropolitan society. As regards the latter, 
papers might be allocated by some central body, such as 
the Conjoint Board, which should also circulate weekly a 
classified list of papers to be read. Papers would thus 
ensure being discussed by those most fitted to criticise 
them. 

Some particulars were given of the recently formed 
German federation of six pi ominent technical associations, 
comprising some 60,000 technical experts. 

As a further illustration of valuable co-ordination, Sir 
Robert instanced the way in which certain metallurgical 
researches were recently organised and carried out in 
Germany and Austria. It was noteworthy how, in the 
latter instance, Ministers concerned co-operated in the 
organisation of the work, 

He advocated the appointment of representatives of the 
Empire on the councils of the various societies. 

Another striking example of co-operation was the great 
United Engineering Societies’ Building in New York, in 
which were boused the four main engineering societies of 
the country and some score of smaller ones. 

Prof. A. Schuster, Secretary of the Royal Society, 
said it was necessary to distinguish between a scheme 
concerned with the reading of papers— to ensure con- 
sideration by authorities on the subject— and their publi- 


Co-ordination of Scientific Publication. { 
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cation. He advocated some kind of uniformity of type 
and sue of joocnal as a preliminary to co ordination of 
poblication. 

Some kind of organisation between the big subjects, like 
engineering, physics, and chemistry, was not difficult, 
because there could be one central body composed of 
practically 'independent sections, something like the 
British Association. 

The question of a great central library containing every 
scientific publication of standing ought to be considered 
in connection with the International Catalogue of Scientific 
Papers. 

He hoped the Conjoint Board of Scientific Societies 
would publish a weekly or fortnightly list of all papers to 
be read before the societies. 

Mr. Michael Lonoridob, President of the Institution 
of Mechanical Engineers, did not think that papers could 
be allocated to the different societies by a central body. 
One objection was the existence of prises and medals 
offered by many societies. He supported Prof. Schuster's 
idea of a journal, which might also contain a short 
synopsis ot the papers announced. Members of any 
affiliated society should be allowed to be present at 
meetings of any other society. 

As regards the idea of a central library, what really was 
wanted was a “ College of Librarians,” where trained men 
could put inquirers on to the track of researches they 
desired to follow up. 

He advocated the formation of local sections of all the 
engineering societiea and local associations formed by co- 
ordinating these local sections. 

Mr. C. H. Wordinoham, President of the Institution of 
Electrical Engineers, thought that the pooling of papers 
would tend to stifle the individuality of the various societies, 
which bad not sprung up without response to a need, and 
the quality of the papers would deteriorate. It was 
particularly in the indexing of papers that co-ordination 
was needed, and this lad up to the suggested pooling of 
libraries. 

If all societies published reprints in a uniform form, it 
would be easy for people to acquire and bind together all 
papers in which they were interested, wherever read. A 
general index would indicate where the papers could be 
obtained. Moreover, the larger societies might publish a 
general account of what they were doing. 

Mr. Robert Mond mentioned the Journal of the Society 
of Chemical Industry as an example of the kind of co- 
ordination -local sections with a common journal -that 
bad been advocated. The Internati >nal Catalogue needed 
a card index to make it really useful, so that one could 
obtain cards on any particular subject. The “ College of 
Librarians ” would be another meibod of doing the same 
thing, and some such institu ion was becoming essential 
now that scientific wotk was being published in all 
laiguagea. The central building in New York was an 
txtmple of what was required, but the scientific as well 
as the engineering societies should come into the scheme, 
which would maintain the community of interest of all 
scientific workers. 

Mr. W. R. Cooper emphasised the importance of main- 
taining the individuality and the traditions of the separate 
societies. Overlapping could be largely prevented by a 
system of reprints rather than by duplication of printing, 
and the societies should be careful to rem un within their 
own preserves. Joint meetings would help to solve the 
problem of combining joint interests. He advocated the 
central library if only because it would avoid unnecessary 
duplication of hooka and periodicals. 

Mr. L Pendsed, editor of the Engineer, supported tbe 
proposal to standardise the sise of tbe publications of tbe 
technical societies. He criticised the central li br ary scheme 
with tbe accompanying catalogue or index, on tbe ground 
that when a card index grows too large it becomes too 
complicated and loses its value. Sectional libraries would 
ba more manageable, but be approved of Mr. Longtidge’s 
suggested “ Col’ege of Librarians.*' 
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Mr. E. Worthington, Secretary of the Institution of 
Mechanical Engineers, agreed with the previous speaker 
as to difficulty in finding one's way about too compre- 
hensive a library. Another objection would be tbe neces- 
sity still to have great provincial libraries. Sectional 
libraries connected with the various societies, properly 
staffed and connected by private telephones, was a pre- 
ferable scheme. 

As regards co-ordination of publication, a plan easy to 
start would be to have central places, in London as well 
as in other towns, where all papers and discussions pub- 
lished by tbe scientific and techn.cal societies were, 
indexed on a card index. 

Mr. G. Shaw Scott, Secretary of the Institute of 
Metals, thought it would be useful if the American 
societies sharing the central building in New York were 
asked to tell us what they had done there in the direction 
of co-ordination and to prevent overlapping. Tbe central 
building might perhaps familiarise people with the idea of 
the central board. In the meantime he supported the 
scheme for spreading information among the societiea with 
regard to all papers to be read. Tne Institute of Metals 
published reprints of its papers, and their journal hap- 
pened to be tbe same size as those of the Institution of 
Mechanical Engineers, the Iron and Steel Institute, and 
the Institution of Civil Engineers. 

Mr. F. S. Spiers, Secretary of the Faraday Society, 
advocated informal discussions or consultations between 
the secretaries and editors of cognate societies when 
drawing up their programmes or arranging meetings, at a 
means towards co-ordination and preventing overlapping. 
It was too late to wait until papers were actually down 
for reading. 

He advocated abstracting being carried out by a central 
body, aay, the Conjoint Board, instead of by the numerous 
societies and journals which now did the work piecemeal. 
In this department there was at present verv much over- 
lapping that could easily be prevented. Tbe abstracts 
could be issued in sections, and the separate sections sold 
for a small sum to members of affi iated societies. Tbe 
Faraday Society published reprints of its papers. 

Prof. R. A. Gregory, editor of Nature , in r communi- 
cation which was read to the meeting, wrote that it a 
society or journal survived it was because it aerved a 
useful function. They could not therefore hope that there 
would be any reduction in the 601 scientific and learned 
societies of the United Kingdom, nor in tbe 1400 serials 
to be found in the libraries of London. Tbe Royal 
Society's Catalogue and tbe International Catalogue, even 
with a complete index, would only help to solve tbe 
problem of co-ordination if all the literature thus indexed 
were easily available for reference. He therefore sup- 
ported the scheme for a central library or bursau. 
Failing this, there should be a system of co-operation in 
the purchase of books by tbe existing libraries, which 
might be grouped together according to subjects covered, 
and a joint catalogue prepared. A proper scheme of 
abstracting could only be carried out in connection with 
a comprehensive central library. 

Mr. J. G. Pearce presented a pap.r on the subject in 
which tbe following concrete suggestions *ere put 
forward : — 

1. Tne development of a United Engineering and 
Technical Societies' Library from ex sting libraries, as- 
sociated with the great State libraries. 

2. The free admission and the right to participate in 
discussions of all members of all prominent societies, at 
all meetings of these societies. 

3. Sale of Proceedings at a nominal charge. 

4. Systematic preparation of text-books by experts 
under tbe guidance of the Department of Scientific and 
Industrial Research. 

5. Development of schools of library science. 

6. Welding of existing indexing agencies into one for 
I technical science as a whole. 
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Bread and Food Reform League. 


Dr. Charles A. Keane was of opinion that, prepara- 
tory to creating the big scheme that had been referred to, 
groups of allied societies, engineering or chemical, might 
take the first step from which fuller co-operation could 
follow. The individual societies should have full freedom 
of action with regard to papers; a well-ordered Publica- 
tion Committee would naturally hand on to the proper 
quarter an unsuitable paper. On borderland subjects, 
however, there was room tor more effective co operation, 
and joint conferences should be more frequently arranged. 
He strongly supported standardisation in tne size of 
Proceedings. 

To prevent overlapping of abstracts, while the central 
journal was an ideal to be aimed at, an approach would 
be made if each group of societies had a journal of ab- 
stracts. The abstracts of the Chemical Society and the 
Society of Chemical Industry had been made mutually 
available to the members of either society. The fort- 
nightly Review now published by the latter Society was 
another step in the direction of biinging the various 
societies in unison with one another, and he hoped the 
scheme would be extended. In that Review an account 
was given not only of papers and discussions but also of 
the deliberations of Councils and Committees. 

Mr. Percy Peakman read a note contributed by Miss 
Margaret Benson and himself dealing with the subject 
as it appeared to the research man in the factory. They 
thought that all the information on any one subject should 
be in the hands of one controlling authority, and the 
results of research, whether in works or universities, 
should be published if possible weekly side by side. 
Special sections of existing libraries all over the country 
could be organised for the co-ordinated publications. 

Mr. Thomas Weight spoke on systems of indexing, an 
important subject not properly understood by many 
people. He advocated the use here of the Dewey 
decimal system that was employed in the central library 
in New York. 

Dr. Percy E. Spielmann, in a written communication, 
advocated the inauguration of an international scheme to 
deal with abstracts, each participating country working 
through its own central body, which should distribute its 
own abstracts as well as translations of those received 
from other countries. 

The production of monographs should be encouraged 
as being the best method of co-ordinating facts in 
a short and semi-permanent form, capable of frequent 
revision. 

Dr. E. H. Tripp, in a communication received after 
the meeting, considered that the problem of formulating a 
general scheme for scientific publication could not be 
divorced from the larger question of federating some of 
the societies themselves, and he was not hopeful as to the 
prospects of overcoming the present inertia. Two solu- 
tions of the co-ordination problem were possible, one 
between existing material, without elimination, and the 
more thoroughgoing method of the creation of a Central 
Board to be responsible for all publications that could be 
issued in sections to the different societies. If the system 
could not be altogether applied to papers on pure science, 
it was certainly practicable as regards abstracts of work 
in applied science. Beyond this there was scope for high- 
class journals to keep the worker in touch with progress 
in science generally. He feared that if action were not 
soon taken Government Departments might endeavour to 
gain control of scientific publication. 

Dr. John O. Tunstall, in a written communication, 
distinguished between co-ordination and co-operation , 
which had been used as if synonymous. An excellent 
beginning would be made in co-operation if the thirteen 
or so homeless London societies housed themselves under 
one roof. As to co-ordination, he imagined the existence 
of a “ Secretary of Secretaries,” perhaps with a Special 
President and Council, who might be in touch with all 
the societies and be the fountain-head of intercom- 
munication. 
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STEEL ANALYSIS. 

To the Editor of the Chemical News. 

Sir, — Could any of your readers oblige me by giving 
the author, date, and publishers of the latest, or some of 
the latest, publications on “ Steel Works Analysis H ? 

The latest one 1 am able to find is Arnold and Ibbotson’s 
“ Steel Works Analysis,** 1907, publishers of which are 
Whittaker and Co., White Hart Street, Paternoster Row. 

I shall be very much obliged for any information on the 
subject. — I am, &c., 

Geo. B. Hanson. 

us 1 a, Waterloo Road, Hightown, Manchester. 


the 

CO-EXISTENCE OF MATTER AND ENERGY. 

To the Editor of the Chemical News . 

Sir, — Mr. F. A. Dugan, in the coarse of a paper on the 
above pubject (Chemical News, 1917, cxv., 245), states : 
— “ There is no thermal change when sugar is dissolved in 
water, no energy is set free, and none is absorbed.** 

Now, in the course of some experiments which I carried 
out some years ago I found that there is a very marked 
absorption of heat when sugar is dissolved in water, and, 
conversely, there must be a corresponding liberation of 
heat when the sugar crystallises again. 

In some of my experiments 500 grms. of finely powdered 
sugar was dissolved with gentle stirring in 500 grms. water, 
both being initially at the same temperature. There was, 
in one of a number of closely agreeing experiments, a drop 
of 4*g° F., and correcting for the specific heat of the 
apparatus used this was equivalent to a disappearance of 
67 B.T.U. per grm. sugar. 

I also found that when a strong solution of sugar is 
mixed with water, both being at the same temperature, 
there is a very distinct rise in temperature, accompanied 
by shrinkage of volume. 

In one experiment 500 grms. of 60 per cent sugar solu- 
tion was mixed with 500 grms. water, giving a rise of 
0-37° F. The evolution of heat varied with the con- 
centration of the sugar solution, and consequently with 
the degree of shrinkage. 

I used the F. scale because I wished the results in 
B.T.U. 

These properties of sugar are well known. References 
to quite an extensive literature, extending back to Robert 
Boyle ; 1680, are given in Lippmann, “ Die Chemie der 
Zuckerarten,” 1904, ii. , 1162. — I am, &c., 

Thos. Steel. 

Sydney. N.S. Wales, 

April 16, 1918. 


THE BREAD AND FOOD REFORM LEAGUE. 

To the Editor of the Chemical News . 

Sir, — It gives me much pleasure to say that a Report pub- 
lished by the Food (War) Committee of the Royal Society 
on “ Digestibility of Breads ” confirms the great importance 
of the movement for bread reform to which I have devoted 
thirty-eight years of my life. 

This important investigation on the digestibility of the 
90 per cent extraction of wheat now adopted by the 
Government, results from a letter signed by influential 
scientists and medical men, sent in May last year by the 
Bread and Food Reform League, asking the Food (War) 
Committee to consider the advisability of urging the Food 
Controller to encourage the consumption of finely-ground 
wholemeal containing about 90 per cent of the wheat 
berry, as this percentage, which has been used with very 
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satisfactory results in Government institutions for about 
forty years, would increase the amount of wheat available 
for a bread which experience proves is sustaining and 
satisfying. 

The Report will be published as a Parliamentary paper, 
but in the meantime the following information is 
forwarded : — 

Digestive experiments were conducted by the Food 
(War) Committee in the laboratories of Cambridge, 
Glasgow, and London Universities. Subjects for experi- 
ment, included men, women, and children, vigorous 
workers and invalids, and patients at two sanatoria for 
consumption. The bread made from the 90 per cent 
extraction of wheat proved palatable and digestible. 

The Report deals with experiments carried out on a 
larger scale than has ever before been made in any 
country, and the following important conclusions were 
arrived at by the Food (War) Committee. 

That by increasing the extraction of wheat in milling 
from 80 to 90 per cent : — 

1. A gain of energy available for man would be obtained 

equivalent to an increase of about 1,700,000 million 
ciuories of energy on the wheat milled each year in 
the country before the war, or enough to extend 
the cereal supply of energy for more than one 
month. 

2. A gain of protein available for man of 35 lbs. on each 

ton of wheat milled would be secured. This is 
equivalent to an increase of about 90,000 tons of 
protein on the wheat milled each year in the 
country. 

A much larger increase would be shown if the compari- 
sons were made with the pre-war 70 per cent bread. 

The Report does not deal with the additional phosphates 
and vitamines secured by the adoption of the 90 per cent 
extraction of wheat, but the Food Journal issued by the 
Ministry of Food states that their scientific advisers con- 
sider that bread made from Government regulation flour 
has all round more nutritive properties than the pre-war 
supplies. 

u First, the floor contains more lime, and is therefore 
better suited for growing children than fine wbeaten flour ; 
second, it contains a greater variety of proteins, and is 
therefore better calculated to meet the demands of the 
human body for the different food-stuff* of this class of 
which it is in need ; third, it contains more * germ,' which 
adds to the proteins and increases its content of fat ; 
fourth, it contains more * vitamines,’ an indispensable 
class of substance about which our knowledge is not com- 
plete, but we know that a deficiency of these profoundly 
impairs nutrition.** 

It is very satisfactory to find that the facts, to which 
the Bread arid Food Reform League has for so many years 
directed attention, have received such important con- 
firmation, and I most gratefully appreciate the scientific 
and social support given to a movement which has now 
enabled the country to obtain a very great increase in 
food which provides energy and body-building material.— 

I am, Ac., 

May Yates, 

Hon. Secretary and Founder of the Bread and Food 
Reform League. 

37, East* Street, London, W.C. s, 

May 16, 1918- 


Temperature Conversion Table.— The Cambridge 
Scientific Instrument Co., Ltd., of Cambridge, have 
devised a very useful table for instantly converting the 
Fahr enhei t scale into Centigrade or vice versa ; from 
absolute xero to 2000° C. the scales are arranged in the 
form of a spiral and are very easy to read. The table is 
mounted on stiff varnished card for hanging in the labora- 
tory, and the sides are filled in with useful dau— melting- 
points, specific heats, densities, Ac. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 


Note.— A ll decrees of temperature are Ccntirrade unless otherwise 
expressed. 


Comptes Rendus Hebdomadaires dis Stances de VAcadhnie 

des Sciences . Vol. clxvi., No. 6, February 11, 1918. 

New Methods of Determining Copper, Zinc, 
Cadmium, Nickel, and Cobalt. -Adolphe Carnot.— 
The salts of these metals are precipitated by alkaline 
carbonates, but this reaction has not been employed for 
their estimation owing to the fact that the precipitation is 
not usually complete. If, however, the following directions 
are followed the precipitation is quite satisfactory. It is 
first ascertained that the neutral or acid solution does not 
contain ammonia. If it does it must be evaporated to 
dryness, calcined, and redissolved. It is then neutralised 
in the cold with sodium carbonate in moderate excess, and 
the precipitate is redtasolved in ammonia in slight excess. 
When the solution is heated to boiling complete precipita- 
tion occurs, and the precipitate may be filtered off and 
washed with hot or cold water. The precipitate is an 
oxide, hydrate, hydrocarbonate, or exceptionally a neutral 
carbonate. It is easily converted by calcination into an 
anhydrous oxide, or by reduction into pure metal ; or if 
there is only very little material it may be transformed 
into neutral sulphate. 

Mechanism of the Formation of Isomers of 

Cinchonine and their Hydrohalogen Derivatives. 

E. Llger. — The author has recently shown that 
cinchonine and three of its isomers, cincboniline, 
cinchonigine, and apocinchonine, give the same bydro- 
bromo base when heated with HBr. The mechanism of 
the production of apocinchonine at the expense of cinchonine 
may be explained by assuming the intermediate formation 
of an oxydihydrocincbonine, the group CH a .CH.CH of 
cinchonine being changed into CH3.CHOH.CH by the 
fixation of water upon the vinylic double bond. On 
losing water this compound woold give the group 
CHj.CH.C, which is characteristic of apocinchonine. 
The fixation of HBr takes place at the double vinylic 
bond of cinchonine. It is evident that the fixation at the 
double bonds of cinchonine and apocinchonine and at 
the ether oxide bond of cincboniline and cinchonigine 
woold give rise to the same hydrobromocinchonine. The 
author believes that apocinchonine, cinchonigine, and 
cincboniline have constitutions which differ from that of 
cinchonine. Cincboniline and cinchonigine appear to be 
stereoisomers. 

Examination of Mercury Fulminate and the 
Analysis of Mixtures for Detonators.— Paul Nicolardot 
and Jean Boudet. — Mixtures for detonators may contain 
antimony sulphide among other impurities, and may be 
analysed by first treating with ammonium hydrosulphide, 
which transform* the mercury fulminate into a red sul- 
phide ol formula HgS. Sulphide of antimony is com- 
pletely dissolved by yellow ammonium sulphide, and may 
be reprecipitated as Sb a S 3 , free from sulphur, by means of 
ammonium sulphite. 

Precipitation of Phosphoric Acid as Ammonium 
Phosphomolybdate. Practical Estimation of Phos- 
phoric Acid by a Simple Nitrometer Measurement.— 
J. Clarens. — If the precipitation is carried out in presence 
of sufficient quantities of ammonium nitrate (o*i grin, 
phosphoric anhydride dissolved in 10 cc. of water fdded 
to 100 cc. of the molybdic reagent in which 15 — 20 grms. 
of ammonium nitrate bad previously been dissolved) a 
precipitate is obtained in which the ratio of ammonia to 
phosphorus is fixed. The phosphoric acid can thus be 
determined by estimating the ammonia, which can be pet* 
formed by any gasometric method. 
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No. 7, February x8, 1918. 

Estimation of Vanadium in Presence of Molyb- 
denum by means of Titanous Chloride. — A. Travers. 
— Two specimens of steel are attacked as described in a 
previous communication. In one the vanadium is deter- 
mined by adding KCNS before titanous chloride. The 
latter is added slowly, meanwhile carefully shaking, until 
one drop gives a persistent coloration. In the other 
specimen the vanadium and molybdenum are determined 
together, adding KCNS after reduction. 

No. 8, February 25, 19x8. 

Critical Constants of Mercury. — E. Aries. — The 
author has already worked out a formula for determining 
the critical constants of crypton, argon, and xenon, and 
has now applied it to mercury vapour, which is also 
monatomic. The results show that the critical tempera- 
ture of mercury is about 1077°, while the critical pressure 
is about 420 atmospheres. 


MISCELLANEOUS. 

New Oil-containing Fruit.— A new fruit containing 
a large percentage of oil has been discovered in the region 
ofTorreon, and iB known by the name of “ chichopoxtle.” 
Experiments show that 25 per cent of its contents consist 
of oil of great value in industrial pursuits requiring a 
lubricant of high quality. It is proposed to introduce the 
cultivation of this fruit upon a large scale . — Mexican 
Notes , May 2, 1918. 

Fibres resembling Fused Quartz in their Elastic 
Properties. — Prof. K. E. Guthe, Associate Physicist of 
the Bureau of Standards, Washington, gives an account 
of the preparation and properties of fibres of fused steatite 
or soapstone (Mg 3 HaSi 4 0 ia). It was desired to obtain 
threads of from 0*1 to 0*2 mm. in diameter and a metre 
long ; such threads are somewhat difficult to prepare from 
fused quartz on account of the presence of air bubbles, 
which are not easy to remove from the comparatively large 
bead necessary. After trying several substances it was 
found that the material that is used commercially for the 
tips of gas burners and like purposes answered admirably, 
and had all the characteristic properties of fused quartz 
with the additional advantage that thick fibres do not so 
readily break. In the cxyhydrogen flame this substance 
fuses to a clear glass and can be formed into threads of 
the requisite dimensions. The elastic fatigue of such 
fibres is very small, about one-third that of steel or 
phosphor bronze. The linear coefficient of expansion was 
found to be —0*0000045 . — Bulletin of the Bureau of 
Standards , Washington t i., No. 1. 

Coolidge Tubes—* 4 Broad Focus ” Type.— We have 
received tne following communication from Mr. F. U. 
Willcox, General Manager of the Lamp and Wiring De- 
partment, British Thomson-Houston Co., Ltd. : — -It is 
desirable to point out that the 44 broad focus” type of 
Coolidge tube is the preferred type of tube for treatment 
work. The 44 broad focus” type is designed for heavy 
energy inputs, and is used almost exclusively for treat- 
ment and radiographic work, where large amounts of 
energy are required. By reason of the broad focus of 
this tube it will stand 80—90 milliamperes backing up a 
6" spark, and will also operate continuously using such 
lower amounts of energy as are necessary for treatment 
purposes. The customary amount of energy used tor 
treatment work is 5 milliamperes, backing up an 8" spark 
gap, and this tube is capable of handling this large amount 
of energy for whatever necessary period of treatment 
required. For prolonged treatment, however, using the 
above amounts of energy, s’.*., 5 milliamperes, and 9" 
spark gap, it is always advisable to cool the bulb by means 
of a fan or blower. We are now arranging to carry a 
stock of these 44 broad focus ” tubes. 


'J'O comply with Regulation 8 (6) of the * Defence ot*tbt Realm 
Act, advertisements from firms whose business consists 
wholly or mainly in Engineering, Shipbuilding, or the production 
of Munitions of War, or of substances required for the production 
thereof, must include the words M No person resident more than 
ten miles swsy or already engaged on Government work will be 
engaged.” 

A nalytical Chemist, Lady or Gentleman, ex- 

perieuced in Analysts of Foods, &c., required as Assistant in 
important London Laboratory. — Write, stating age, qualifications, 
experience, and salary expected, to "Foodanal,” care of Deacon's 
Advertising Offices, Leadenhall Street, London, E.C. 3. 


A well-known firm of Disinfectant manu- 

facturers have a vacancy in their Laboratory for a well-qualified 
Chemist of good experience in this connection, Give references, full 
particulars, and salary required.— Address, “ Disinfectant, H Chemical 
NEwsOffice, 16, Newcastle Street, Farringdon Street, London, E.C. 4. 


Chemical Laboratory Assistant required in 

^ London. Very good wages and permanency to suitable Man or 
Boy.— Address, P. L.. Chemical News Office, 16, Newcastle Street, 
Farringdon Street, London, E.C. 4. 


Qhemist wanted, or Man accustomed* to 

^ Chemical production, for shift work in controlled factory. One 
used to Analysis. Ineligible, discharged soldier preferred. Perman- 
ency. State full particulars and aalary required —Address, S. M., 
Chemical News Office, 16, Newcastle Street, Farringdon Street. 
London, E.C. 4. 


Engineering Chemist required by large fuel 

/ consumer to carry out Research Work on all classes of Fuels 


and to deal with Water problems. # 

qualifications.— Address, E. C., Chemical News Ofl 
Street, Farringdon Street, London, E.C. 4. 


Salary £150 to 

MICAL WE' 


Jsoo according to 
ice, 16, Newcastle 


\A7orks Analytical Chemist required. One 

Y ; conversant with Soap Manufacture, Nicotine Extractions, and 
Agricultural and Horticultural Preparations. State full particulars 
and aalary required.— Address, W. A , Chemical News Office, 16, 
Newcastle Street, Farringdon Street, London, E.C. 4. 


\A/anted for the Laboratory of large Chemical 

, Factory engaged on War work, well-trained and experienced 
Analysts. Accurate and systematic workers required. Vacancies 
exist for both Senior and Junior positions, male and female.— Ad- 
dress, “S.ii,” Chsmical News Office, 16, Newcastle Street, Far- 
ringdon Street, London, C. 4. 


V outh ( 16 ) requires berth in Analytical or 

A Experimental Laboratory. Experience.— Address. Compton. 
93, Commercial Road, S.E. 15. 


\^7anted, good ANALYTICAL BALANCE. 

v Y Any make, Sartorius or Bunge preferred.— Address, "Balance’* 
Chemical News Office, 16, Newcastle Street, Farringdon Street, 
London, E.C. 4. 


DOTTERY VESSELS. -A number of 

. ... Boulton make STORAGE JARS (some with three necks), 
holding from 100 to 120 gallons each, FOR SALE May be inspected 
at Limehouse by appointment.— Address, “ Pottery," care of Wilcox 
and Lo., Locksley Street, Limehouse, London, E. 14. 


STRONTIUM SULPHATE 

(Average ep, gr. 3*95). 

HPHE BRISTOL MINERAL and LAND 

eoquirie»° MPANY ’ LTD '’ *** 0wnw * of ,wg * de PO“<». and invite 

Address, Carlton Chambers, Baldwin Street, Bristol, England 
Telegraphic address—" Beetroot," Bristol. Telephone No. a* 
Bristol. ’ 3 


MICA. T &%r 

9 * • Avenue. 

F. WIGGINS & SONS, 102/3/4, Minorles, London, B. 

MICA MERCHANTS, 

d anufaoturers of Mica Good* for Electrical and ALL purposes. 

Contractors to His Majesty's Government* 
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SPECIAL NOTICE TO SUBSCRIBERS. 

We regret to announce that the recent paper 
restrictions will compel us for a period, until we 
can secure our usual supply of paper, to publish the 
Chemical News fortnightly instead of weekly. 

The price will not be altered, except as regards 
the subscription price, which, until further notice, 
will be calculated at £1 for fifty-two numbers, or 
firo rata. 

Subscribers will please note that the respective 
expiration dates of their subscriptions will be 
extended accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their extended 
subscription periods. 

The aext issue (No. 8092) will be published on 
July 19th. 


MAGNETIC SUSCEPTIBILITY AND ELECTRIC 
RESISTIVITY. 

By F. H. LORING. 

Ik the Chemical News (1914, cix., 121) a general account 
was given ol magnetic susceptibility, together with tables 
ol values for the elements. 

In discussing the phenomenon of magnetic susceptibility 
it may be conducive to clearness to note at the outset that 
the term ferromagnetic, as applied to iron, cobalt, and 
nickel (magoetite, Fe 3 0 4 or FtO Fe a 0 3 , is ferromagnetic, 
and ferro-cobalt, FeaCo, is also strongly magnetic), 
serves to distinguish these elements from practically all 
others which are weakly magnetic or which do not exhibit 
certain magnetic properties peculiar to iron. 

Forth?! more, the term paramagnetic may be applied to 
all the elements of Table II. in the citation above referred 
to. though by virtue of the subdivision jast defined the 
term is frequently used in a restricted sense to designate 
the weakly magnetic elements of positive magnetic sus- 
ceptibility standing in contra wise relation to those elements 
which are diamagnetic , especially since the Utter are 
without exception weakly (dia-) magnetic. A few of the 
weakly magnetic elements having positive susceptibilities 
simulate iron in their magnetic behaviour, and it is pos- 
sible that these may come to be regarded as truly ferro- 
magnetic. Manganese, for example, can exist in two 
states, paramagnetic and ferromagnetic, exhibiting when 
to the Utter state hysteresis phenomenon according to 
P. Weiss and H. K. Onaes (Konink. Akad. We tense h . 
Amsterdam Proc ., xii., 649; also Comptes Rendus , cl., 
686 ). 

In order to comprehend the wide range of variation in 
the magnetic susceptibilities of the elementary substances 
(referred to as elements to distinguish them from com- 
pounds or mixtures), the values given in the tables in the 
above article may be plotted at a tingle curve shown by 
Fig. 1. It is to be noted that the curve is not drawn to 
proportionate scale and that only a lew elements are 


insetted in the diagram, but all the known elements may 
be fitted into a curve of the type showq. .... 

There are three characteristic parts Jo ifia e«iye*vbifb 
indicate a complexity of phenomena that may oe due io 
certain fundamental variations in the atomic and mole- 
cular systems involved. It is proposed to treat the funda- 
mental phenomena as a compound effect analogous to that 
Of the j int resistance of parallel circuits or paths (a sod b) 
according to the well known rule:— 

...... res. of circuit a x rea. of circuit b 

Joint ret.- • -- . r9 

res. of circuit a + res. ot circuit 6 

but with this difference, that in addition a negative 
resistance is introduced which represents s negative cur- 
rent, so that the equation becomes, for example, — 
(-*.£)/( - «+&)•( -aosceptibility) ; 

when analysing the negative susceptibilities. 

Resistivity, it will be remembered, is a term lot specific 
resistance , being tbe reverse of specific conductivity , snd 
resistance equals potential difference / resulting current , 



according to Ohm's law. The reason for the analogous 
procedure will be rendered obvious from the following 
considerations : — 

It it supposed from indirect experimental evidence that 
paramagnetism aii-et from molecular currents, whilst 
diamagnetism s.ises from atomic currents. Not that tbe 
paramagnetic elements have no atomic currents, but that 
the molecular currents mask those of the atom so as to 
render their effect negligible, as in the esse of iron, or 
ferromagnetic metaU in particular. Quoting from Bid- 
well's article in the last edition of tbe 14 Encyclopaedia 
Britannica”: — “ Diamagnetism, in short, is an atomic 
phenomenon ; paramagnetism and ferromagnetism ara 
molecular phenomena. Hence may be dedoced an ex- 
planation ol the fact that, white tbe suscep ibility of all 
known diamagnetics (except bismuth and antimony) is 
independent of the temperature, and that of tba para- 
magnetics varies inversely as tbe absolute temperature in 
accordance with the law of Curie.** There are known 
deviations from the Curie law. 

If the foregoing statement In general be true, then the 
I specific resistance or electrical resistivity of elementary 
| substances might have a conditioning or governing effect, 
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Ibo* ftfat* in analysing tV»e phenomenon of magnetic sus 
• CepCibiTUy/ChJfe'itbmfc or molecular currents expressfd in 
^ertWofcpdlifiveitncG negative resistivities would seem to 
'sdptfy tHd tfarfrfbleV necessary to co-ordinate the complex 
magnetic effects under consideration. What is true of 
the substance in mass may be true of the substance in 
minute part — the atom and molecule in particular. 
Atoms themselves are supposed to be compressible, as they 
are in the aggregate (Richards). At or near the absolute 
zero ot temperature metallic masses seem to approach the 
atom in at least one property, that of conductivity, but 
conductivity may not be entirely a self-contained atomic 
or molecular phenomenon, since the degree or nature ol 
contiguity of the atoms or molecules in solids may give 
rise to modifying conditions. Hence resistivity is prob- 
ably a gross term as distinguished from a net term. 

It can be shown that the orientations of a group of 
pivoted magnets will give rise to effects which can be 
expiessed in terms of an electric current. Thus, in a 
general way, it might be argued therefrom that the 
magnetic susceptibilities of diamagnetic elements are 
dependent upon their electric resistivities and the atomic 
currents. 

There is perhaps direct experimental evidence in suppoit 
of the foregoing obseivation, since bismuth is the most 
diamagnetic metallic element, its mass susceptibility being 
- 1*4 xio- 6 , and it has the highest electrical resistivity, 
namely, 119X io-°. Antimony, also a metal, stands next 



to bismuth in both properties. Copper, which is near the 
other end of the conductivity series for metals, is at the 
beginning of the negative susceptibility series (see Chemical 
News, cix., 121). 

Mercury, a liquid at normal temperatures, however, 
is somewhat exceptional, but at very low temperatures 
when a few of its physical properties approach more 
nearly those of copper at ordinary temperatures, it has an 
exceedingly low relative resistance. In fact, very close to 
the absolute zero of temperature the resistance of mer- 
cury reaches the vanishing point; its resistivity 

becomes zero. 

Such being the case, and assuming that the resistance 
rule can be applied in the circumstance of diamagnetic 
elements, where - a stands for a negative atomic current, 
and that — 

(— ct.b) I ( - a + b ) »( -susceptibility), 
then the negative atomic current need not vary appreci- 
ably with temperature. This would lead to the con- 
clusion that the negative susceptibility would be infinitely 
great at a critical point when in case of metals the 
resistivity propsr is still appreciable. Probably, however, 
the current in effect decreases when a critical stage is 
reached. 

Referring to Fig. 2, it will be seen that the diamagnetic 
elements will suffer very little change in susceptibility 
over a considerable range of temperature variation, which 
accords with facts. 


With regard to the ferromagnetic elements, the state of 
affairs is somewhat different. The resistivities are inter- 
mediate, iron being about ioxxo-6. Therefore, the 
molecular currents, assumed in this case, must be 
enormous to account for the very high magnetic suscepti- 
bility. That the ferromagnetic elements should have the 
monopoly of such large molecular currents seems, how- 
ever, improbable ; consequently, by a converse analogy 
with respect to the diamagnetic elements it might be 
assumed that the conditions are such as shown by Fig. 3. 



Referring again to Fig. 2, it will be seen that a slight 
variation of the resistivity would not appreciably alter the 
susceptibility until close to the zero temperature, whereas, 
in the case of Fig. 3, a slight variation in temperature, 
and therefore a variation in resistivity, would affect con- 
siderably the susceptibility, or in the case of slight varia- 
tions in the molecular currents (including the masked 
atomic currents— see above) and the resistivity would 



greatly affect the susceptibility. In the case of iron the 
permeability for small magnetising forces increases with a 
rise of temperature, slowly first and afterwards rapidly, 
until the iron is red-hot, when it suddenly falls to unity, 
the iron then becoming practically non magnetic. Fig. 3 
would predict such an action up to the critical point. (See 
“ Magnetic Induction in Iron and other Metals," Ewing, 
Chapter VIII.). * 

The addition of 12 per cent of manganese and 1 percent 
of carbon to iron produces a steel that is non-magnetic for 
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all practical purposes, being tbe well-known Hadfield’s 
manganese steel. This steel is, by the way, about fifty 
times more magnetic than liquid oxygen, to quote a 
popular illustration. 

While Fig. 3 does ntt predict such a result the presence 
of an element which changes tbe type — say, to that of 
Fig. 4 — would be expected to lower the susceptibility. 

continuing the study of Figs, a and 3, the ferromag- 
netics have negative molecular currents, and they are 
associated with resistivities numerically less than tbe cur- 
rents according to the scale of comparison involved in the 
diagram. The diamagnetics, on tbe other hand, have 
negative atomic currents, the resistivities bting numerically 
greater than tbe currents. In the case of tbe ferro- 
magnetics the molecular currents (these may be resultant 
currents) are of tbe same order of magnitude as the 
resistivities. 

Thus it will be seen that the original ideas stated above, 
particularly those recorded by Bidwell, require practically 
no modification in principle when the peculiarities of tbe 
different cases are taken into proper account. 

Oxygen stands as an intermediate type between the 
elements of very high susceptibility and those close to 
zero in magnetic value. It cannot be conceived that 
oxygen has molecular currents owing to its very high 
resistivity. It may have positive atomic currents, and at 
low temperatures its susceptibility is relatively appreciable. 
In order to fit such elements as oxygen, palladium, &c., 
into a diagram of the same general character as those 
already given, a third type is devised which is shown by 


Fig. 4- 

There is not sufficient space to draw these diagrams to 
approximate scale or in proper relative proportion to each 


other. 


Tbe elements which are not ferro magnetic or dia- 
magnetic may belong to the intermediate type. 

Toere may be cases in which an element can pass from 
one type to another, since by diminishing the negative 
molecular currents the positive atomic current* may assert 
themselves and tbe substance may then become para- 
magnetic. 

Bismuth at 18° C. has a resistivity of 119X xo-6 *nd a 
negative susceptibility of -1*4x10-6. Neglecting the 
10-6 multiplier, the following equation implies that tbe 
negative atomic currents coincide with the joint resistivity 
representing the magnetic susceptibility in this case 


-1*38x11 9 

1*38+119 

or in the case of copper,— 

- 009 x 1 *78 
-0*09+1*78 


-**4. 


-0*094. 


The coincidence of the negative values on both sides of 
the equation aiises of necessity from the rel atively low nega- 
tive magnitudes, and in itself it is not significant, but when 
large values are arbitrarily substituted the coincidence 
ceases, thus in a suggestive way reconciling the prescribed 
values of the negative susceptibilities with the principle of 
equality implied by the equation, a limit being thus set. 
Nj clement therefore could have a resistivity of, say, 
ioxio-6 together with a negative susceptibility of 
- 10 x io-6 ( to take an extreme example. 

It th juld be observed that the magnitudes chosen are 
not commensurate with each other, but they will serve to 
illustrate the compound effect involved. 

The terms atomic or molecular Currents and resistivity 
are used in a generalised sense, or by way of analogy, 
and these expressions must not be interpreted too literally, 
e.g., molecular currents may stand for a resultant effect 
involving the orientations of electronic orbits but governed 
by molecular conditions. 

Tbe following quotations (1) from Science Abstracts 
(1916, A, p. 168) and (2 from “ Recent Physical Research,” 
by Dr. Owen, may be of interest to note : — 




1. 44 Electron Theory oj Paramagnetism , J. Ktoo 
(Deutsch. Phys. Gesell. Verh. % December 30, 1915, xxiv., 
[17], 452). — Starting with Born and Karman’s space- 
lattice theory tbe author obtains an expression for the 
magnetic moment, and on applying the Lorentx-Wien 
theory of collisions for tbe specific susceptibility. The 
results on this theory for Pd and Pt are then compared 
with those obtained by Onnes and Oosterhuis. It is con* 
sidcred that the theory correctly explains the gentral 
behaviour in a qualitative sense although it is only a first 
attempt. A relation between resistivity and susceptibility 
would appear to be revealed by this theory.” 

2. 44 Langevtns Theory. Ampere's molecular current in 
a circuit of zero resistance is realised in the electronic 
orbit. A single molecule contains as many elementary 
current circuits as there are electrons in motion. If these 
are so arranged that the resultant magnetic moment is nil, 
we have the diamagnetic molecule. When tbe resulting 
magnetic moment is finite we may have two cases : — 
First, when the mutual magnetic influence of these mole- 
cules is inappreciable the body is then paramagnetic ; 
second, when each molecule is sensibly influenced by its 
neighbours this constitutes the ferromagnetic state. In 
accordance with Curie's analogy, Langevin treats the first 
two classes of bodies as consisting of molecules, as it were, 
in gaseous condition. If the body is diamagnetic no 
orienting action of the external magnetic field will result, 
and there will be no change of the aggregate motion. The 
ulterior encounters between the molecules will take place 
as before, and no change of temperature can result. 
Conversely, no change of temperature will modify the 
diamagnetic property of the body.” 

Space will not permit quoting to the end of the chapter, 
which finish?! on page 6r, in which tbe magneton theory 
of P. Weiss is given in brief and the notion of corres- 
ponding magnetic states is discussed. Other parts of the 
book bear upon the same subject, and these should be 
read. 

In conclusion, the reader should understand that the 
treatment of the phenomenon of susceptibility as a com- 
pound effect involving the analogy of resistance pheno- 
menon is somewhat novel, and while it is easy to raise 
points unverified as yet by experiment, the elasticity of 
tbe method is the main reason for venturing to suggest its 
utility in co ordinating the complex phenomena in 
question. Moreover, referring to Fig. 1, it will be seen 
that where the curve is steep changes in molecular states 
would profoundly modify the susceptibility, as -is tbe case 
with regard to iron, as its susceptibility varies with tbe 
magnetising force. 


NITROGEN AND ITS COMPOUNDS.* 
By HORACE FREEMAN, Niagara Falls, Oot. 
(Concluded from p. 307). 


Manufacture of Cyan amide . 

The raw materials used in the manufacture of cyanamide 
are the atmosphere, lime, and coke, and to bring them into 
the proper combination a plentiful sopply of electric power 
is required. 

Calcium carbide is first prepared from the lime and coke 
in electric furnaces, and is then made to combine with 
nitrogen from tbe atmosphere in electric ovens. 

Moissan first prepared calcium carbide in Paris in 1892, 
but though he made many attempts to effect the com. 
bination of his product with nitrogen, be was unsuccess, 
ful. The carbide which Moissan prepared in his labora- 
tory was chemically pure or nearly so, and it was late r 
shown by Frank and Caro in Germany that only technica 


• From the Canadian Chemical Journal, ii. , No. j. 
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carbide containing over 5 per cent or so of lime and other 
impurities was capable of absorbing the cyanamide in- 
dustry, and the manner in which this apparently simple 
invention was financed and supported in Germany is an 
outstanding example for us to take heed of. 

The manufacture of calcium carbide was brought to 
commercial possibility at Niagara Falls, New York, very 
soon after the discovery of Moissan, and it was quickly 
developed in Europe as a consequence wherever cheap 
electric power was to be obtained. The production o! 
carbide soon became so great that many of the plants were 
forced temporarily to close, owing to glutting of the 
market. The invention of cyanamide was their ultimate 
salvation. 

Calcium carbide is manufactured in large electric 
furnaces into the top of which hang large blocks of carbon 
about 6 feet long. The lower ends of these electrodes dip 
into the centre of the furnace, which is filled with a mix 
ture of coke and lime, continually shovelled in at the top. 
Electric current passes between the ends of the electrodes 
and through the mixture, which is heated by this means 
until the lime melts to a liquid, and then undergoes a 
chemical reaction with the coke, the result being calcium 
carbide, which collects in a pool in the furnace, and is 
periodically tapped out into heavy iron chill cars, wherein 
it is allowed to cool. 

Before the carbide is in shape to combine with nitrogen 
it is crushed and ground to a fine powder. Next it is 
placed in large perforated steel cans, and these cans are 
set each inside a separate gas-tight oven constructed of 
firebrick. A thin rod of carbon passes through the centre 
of the oven and through the central axis of the can. The 
passage of an electric current through the, pencil heats it 
to a high temperature, and so transfers heat to the carbide 
immediately surrounding the pencil. A constant supply 
of nitrogen gas is fed into the oven and is rapidly 
absorbed by the hot carbide. The chemical reaction which 
takes place evolves sufficient heat to heat the next com- 
municating layer of the carbide to the reaction temperature, 
and so the process repeats itself until the whole contents 
of the can are red-hot. The nitrogen gas supply is con- 
tinued until the contents of the can are sufficiently 
nitrified. 

The most important ingredient of this process, the 
nitrogen, is obtained from the atmosphere. The air is 
drawn in through pipes some distance from the plant in 
order to have it free from dust. It is compressed at about 
500 pounds to the square inch, and then by sudden ex- 
pansion is automatically cooled to about 380° below zero, 
at which temperature it turns to a liquid. This liquid air 
is then allowed to undergo a process similar to distillation, 
by which means the nitrogen boils off and is conducted to 
the fixation ovens containing the carbide. 75 per cent of 
the liquid air is nitrogen and 25 per cent is oxygen. The 
oxygen is all left behind in this fracti mation process. 

The product from the fixation ovens is in the form ol 
a solid black mass, and is called lime nitrogen. It con- 
tains more than 20 per cent of nitrogen, but is not 
yet ready for the market as a fertiliser ingredient. To 
make it suitable for this purpose it is crushed and ground 
to a fine powder and is hydrated by admixture with a 
small quantity of water. This converts the carbide and 
quicklime remaining in the lime nitrogen into hydrated 
lime. One or 2 per cent of mineral od is also added to 
render the product less dusty, and it is now in shape for 
shipment under the trade name of “Cyanamid.” It is a 
grey-black powder, and may be used directly on the land, 
but usually is purchased by the compound fertiliser manu- 
facturers, who mix it with substances containing the two 
next important plant foods— potash and phosphoric acid. 

Some of the Derivatives of Cyanamide and their Uses . 

Up to the beginning of the war the cyanamide pro- 
duced in this country was nearly all sold for its prime 
purposes as a plant food, but (he demand for nitrogen 
compounds in various highly important industries which 
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bear directly upon war requirements has cieited a demand 
for its use in the preparation of a variety of interesting 
substances. 

Ammonia, 

Cyanamide readily yields all of its nitrogen content in 
the form of ammonia by treatment with steam under pres- 
sure. Ammonia is easily converted in turn into the 
majority of other useful compounds containing nitrogen. 

Ammonia is used in so many ways in the chemical and 
allied industries that it would be almost impossible to 
enumerate them, but it is most widely known for i's value 
for purposes of refrigeration. 

“ Ammo-phos .” 

The ammonia produced from cyanamide is largely con- 
verted into a substance called “ ammo-phos,” by absorbing 
it in a solution of crude phosphoric acid, the phosphate 
rock of Florida being the source of raw material for the 
purpose. “ Ammo-phos ” has the advantage that it carries 
within itself two of the most necessary plant foods, con- 
taining as it does 13 to 20 per cent of ammonia and from 
20 to 47 per cent of phosphoric acid in forms which are 
easily soluble and readily available to the plant. More- 
over, the proportions of the ingredients in “ ammo-phos ” 
may be regulated for any desired mixture, and the nature 
of the material is such that it is entirely without those 
objections appertaining to the usual run of fertilisers, 
may be kept indefinitely without loss of values, and may 
be mixed with any other combination of plant foods desired 
by the fertiliser manufacturer. 

“ Ammo-phos,” on account of its concentrated nature, 
is able to replace many other forms of mixed fertiliser, 
and for this reason it may well be claimed that its manu- 
facture will be one of the great advances made to solve 
the important problem of increasing food production. It 
is manufactured by the Cyanamide Company at a plant in 
New Jersey. 

Ammonium Sulphate. 

Next in importance as a product of cyanamide is 
ammonium sulphate. This substance, which is used in 
enormous quantities as a fertiliser ingredient, is manu- 
factured by absorbing the ammonia gas from cyanamide 
in sulphuric acid. Toe ammonium sulphate is crystallised 
in the form of a white crystalline compound from the 
resulting solution, and contains over 25 per cent of 
ammonia. Its manufacture is also carried out at the New 
Jersey plant from the cyanamide produced at Niagara Falls. 

Ammonium Nitrate. 

By absorbing the ammonia gas in nitric acid ammonium 
nitrate is formed. This substance is now in great demand 
by the explosives industries and is the basis of the explo- 
sive “ ammonal, ” which is a mixture of ammonium 
nitrate and aluminium powder. Ammonium nitrate is 
also mixed with T.N.T., and is so used in high explosive 
shells. 

Nitric Acid. 

The nitric acid required for the manufacture of am- 
monium nitrate is at the present time the most important 
oompound which may be produced from the nitrogen of 
the atmosphere, for it enters into the composition of all 
military explosives, which could not be manufactured 
without it. 

The manufacture of nitric acid from cyanamide has 
been successfully developed to a manufacturing scale and 
has become of great importance since 1914, as it provides 
an alternative from the Chilean nitrate source of supply, 
and has been made use of by Germany on a large scale. 

For the production of nitric acid from ammonia the 
ammonia gas is mixed with air in suitable proportion and 
the mixture of gases is led over a catalyser at a dull red heat. 
By the action of the catalyser the ammonia is oxidised, 
and the gases issuing from the chambers wherein the 
process is carried out contain oxides of nitrogen, which 
when dissolved in water form nitric acid. The nitric acid 
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eolation may ba concentrated and told for a multitude of 
p o rp o aee , or it may be used directly in connection with 
the ammonia plant for the production of ammonium 
nitrate with high efficiency. 

Moat people have heard of T.N.T. since the outbreak 
of the war. It is the most widely used explosive on the 
battle fronts. T.N.T. is made from toluene, a substance 
very similar to benzine and obtained with benzine in the 
porifying of coal-gas. The toluene is mixed with nitric 
acid in three separate treatments, and a substance 
called tri-nitro- toluene is the result under certain con- 
ditions used in the process for this purpose. 

T.N.T., as it is familiarly called, is usually orange 
colons ed and somewhat resembles wax, and, like wax, 
may be easily melted. Shells are filled with safety by 
malting it over steam and pouring it into the upturned 
shells, which are left to cool until the contents are solid. 
T.N.T. is inflammable, but not explosive until detonated 
in a confined space. It cannot be made without nitric 
acid. 

Detonators for air explosives contain fulminate, a highly 
dangerous substance which explodes on percussion and 
which also requires nitric acid for its manufacture. For 
the manofactore of fulminate, mercury is dissolved in 
nitric acid and the solution is poured into alcohol at a 
temperature of 55° C. The prodoct is a greyish white 
precipitate, which must be washed and stored under water. 
Silver may be used in place of mercury for this manu- 
facture, bat the product is even more dangerous to 
handle. The percussion caps of shells or cartridges con- 
tain fulminate. A slight blow on the cap suffices to 
explode the fulminate which in turn fires the high explosive 
contained in the shell. 

Cyanid 1. 

Case hardening compounds play an important part in 
the munitions industries. A mixture of cyanamide and 
salt when heated produces cyanide and makes an excellent 
case hardening-compound, which is cheaper than other 
substances used for the purpose. 

The manufacture of cyanide for gold and silver extrac- 
tion is an important development of cyanamide. Cyanide 
was largely produced in Germany at the outbreak of war, 
and that country had a practical monopoly of the cyanide 
trade. The cyanide produced there, however, was not 
made from cyanamide or atmospheric nitrogen, but fiom 
ammonia and metallic sodium under the invention of 
Hamilton Y. Castner, whose name is well known for other 
important industrial developments at Niagara Falls. The 
process of Castner is expensive for a chemical in such 
great demand as cyanide, and many attempts have been 
made to find cheaper means of production, and it was in 
the search to this end that Frank and Caro discovered 
cyanamide. 

The blockade of Germany has cut off a large amount 
of the cyanide supply to this great mining country, and 
the oatural result has been to revive attention to means of 
securing cyanide from cyanamide. 

It has now been found that cyanamide will yield its 
nitrogen all in the form of cyanide by fusing the cyan- 
amide with salt at a high temperature, and the crude 
cyanide obtained is used successfully without purification 
for the extraction of gold and silver from ores. 

This process of producing cyanide also has been 
develop »1 fitst to a large manufacturing scale at Niagara 
Falls, and its product has already been used in the extrac- 
tion of large quantities of the precious metals. 

For the purpose of gold and silver extraction a very 
weak solution of cyanide is agitated with the finely 
crushed ore. The gold and silver are dissolved by the 
action of the cyanide, and the filtered solution containing 
these metals is treated with finely-divided zinc, whereby 
the precious metals are deposited in the form of a black 
sledge. Tois is melted and yields btrs of base bullion 
which are sent to the refinery. 

The use of cyanide for case-hardening purposes bee been 
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referred to. Its third important use is an insecticide, and 
large quantities are used in orchards, greenhouses, and 
government inspection stations where incoming nursery 
stocks are examined aod treated. The cyanide for this 
use is sometimes sold in small zinc cartridges or con- 
tainers. A cartridge is dropped into a dish of sulphuric 
acid placed in the greenhouse or tent erected over the tree 
or plants under treatment. The acid attacks the sine, 
dissolving it away, and next acts upon the cyanide, pro- 
ducing prussic acid which is instantly fatal to all living 
things. 

Vast amounts of prussic acid made from cyaoide arc 
now used on the battle fronts. It is a colourless gas at 
the ordinary temperature, lighter than air, but instantly 
fatal unless very much diluted with the atmosphere. 
Where it is not fatal the after effects of this gas are not 
nearly so terrible as those of chlorine. It is possible that 
future developments in this direction might produce a gas 
either extremely quick and painless in its action or without 
after effects in cate a complete fatal does bad not been 
inhaled. There is no doubt that Germany’s great stocks 
of cyanide which the had not been able to export are being 
used in the preparation of prussic acid for use at the 
front. 

DuycmdimmuU. 

Another development of cyanamide that has been 
brought into practice here it dicyandiamide, a white 
crystalline substance used in the preparation of dyes and 
as a deterrent or retarder in explosives. It is prepared by 
extracting cyanamide with hot water and recrystallising 
the dissolved dicyandiamide from the resulting solution. 
Its effect in mixtures with explosives is to reduce the 
temperature of explosion end ao serve to increase the life 
of the gun barrel. 

A number of organic compounds have been produced 
in the laboratory from cyanamide, for which no great 
commercial uses have yet been developed, and conse- 
quently methods of manufacturing practice have not 
been worked out. It will readily be conceded that cyan- 
amide is the most useful and remarkable nitrogen com- 
pound available to our use, and its development in our 
midst is s matter of tbe highest importance to our welfare. 
The world is producing over one million tons of cyan- 
amide each year, and of tbit Getmany is manufacturing 
more than six hundred thousand tons containing approxi- 
mately one hundred and twenty thousand tons of nitrogen 
taken from the atmosphere. The greater portion of this 
fixed nitrogen is used by Germany on tbe battle line in 
the form of high explosives; the remainder the uses at 
home to increase the food production of the country. 


THE CHROME -TANNING INDUSTRY. 

Tanning by means of chromium compounds has been 
very much more extensively developed in Germany and the 
United States of America than in this country. German 
and American manufacturers quickly realised the value of 
the new method, and made such rapid progress in tbe 
practice of the various processes that they were able to 
sell in the United Kingdom at prices lower than tbe 
British cost of production, and by this means to discourage 
tbe establishment of tbe industry hete. 

There was at that time no prejudice against using 
foreign goods at the expense of British manufacturers, 
and, since foreign chrome tanned leathei possessed certain 
obvious advantages, British boot manufacturers were 
ready to purchase it. It was unfortunate that the 
chrome process was not developed in the United Kingdom, 
because there is no doubt that it bad become a serious 
factor in the deflection of tannage of certain hides and 
skins from this country to our competitors in Germany 
and the United States of America. This movement of 
trade it most pronounced in respect of the bidet and 
skint exported worn India. 


Chrome-tanning Industry. 
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Indian Hides and Skins. 

Before the war India exported 345,000 cvvt. of raw 
hides, of which the Central Empires took one half, the 
United States ot America one-third, and the remainder 
was divided between the United Kingdom, the Nether 
lands, and Italy. Tne position regarding raw goat and 
sheep skins was just as unsatisfactory to this country. 
The United States of America imported direct about 75 
per cent of the total export of raw goat 6kins of India, 
the United Kingdom 10 per cent, France 7 per cent, the 
Netherlands and Belgium 5 per cent, and Germany an 
insignificant quantity. The American import of goat 
skins is turned into gUce kid, and a considerable propor- 
tion of the American production of glace kid is taken by 
the United Kingdom. America, moreover, took 87 per 
cent of the Indian export of raw sheep skins. 

The situation appears in no happier light when an 
examination is made of the Indian export figures during 
the last half century. The monopoly in (he export trade 
in Indian raw ox and cow hides, which this country 
enjoyed ball a century ago, had steadily fallen away 
until practically the whole ot the trade bad passed at the 
time of the outbreak of war into German hands for 
German tanning. It is probably not a coincidence merely 
that th 1 capture of the export trade in Indian raw hides 
by the German tanners commenced with the appearance 
of the first commercially successful process ot chrome- 
tannage, and that it passed steadily into German bands 
with the development of the chrome process. It would 
therefore appear that the change was not unconnected 
with tbe commercial development of the new tanning 
process in Germany. 

Effect of the War. 

The position was not felt acutely here until the out- 
break ot war convulsed \ht world's markets, and made its 
effect felt in the raw-hide trades. The sudden demand for 
footwear for the armies of (his country and her Allies 
made it essential that tbe normal tanning capacity of this 
country should be materially extended. At the same 
time fresh sources of raw materials had to be utilised, 
and once more attention was directed to the vast potentiali- 
ties of tbe Indian Empire. 

Concurrently with the development of chrome-tannage 
in Germany and the deflection to that country of the 
raw-bide exports of India there de\eloped an intimate 
connection between the German Tanning Associations 
and the hide firms in the Indian market at Calcutta. The 
connection of the Calcutta fiems with their German 
customers was the result of mutual business interests, and 
the tendency, once developed, was furthered by tbe 
activity of the German associations, who proceeded to 
Germanise the direction and management of the Indian 
hide firms. Their efforts were aided by the systematic 
support of the German Government and German steam- 
ship companies. 

The German influence in the “ Calcutta ring” has 
already been dealt with in such a manner as to remove 
its obstruction to the free flow of the export of hides to 
markets outside of the Central Empires. The tanners ot 
the United Kingdom on their part have risen to the 
occasion, and met tbe war-time need of this country and 
its Allies by a modification and extension of their 
businesses to supply the war time requirements of the 
Allied armies. But it is not to be assumed that the 
changes that have been inaugurated and developed up till 
now will in themselves suffice to maintain the present 
connection of tbe United Kingdom tanners with the trade 
in exports of hides from India. 

Attitude of the Tanning Industry. 

Already various proposals for Government intervention 
and support have received the very active consideration 
of the tanning industry both here and in India. The 
question of the composition of the personnel of firms in 


the Indian trade has had very serious attention, and the 
question of fiscal policy in respect of export duties has 
been approached from more than one point of view by the 
tanning industry of India and the United Kingdom. It 
has been approached by the United Kingdom tanning 
industry and a section of the Indian tanning in- 
dustry with the wide object of developing tbe tanning of 
Indian kips within the British Empire, and by another 
section of the Indian tanning industry with tbe narrow 
object of developing the tanning of these kips exclusively 
within the borders of British India. Whatever may be 
the outcome of these various fiscal proposals, there is no 
doubt another problem that will have to be faced by the 
tanning industry if it desires that this trade shall not 
return into German hands. That problem is bow to pro- 
duce the same material from these hides which Germany 
has proved to be in demand. The chrome-tanning of the 
hides will have to be studied and developed to an adequate 
extent in this country. 

Vegetable v. Chrome Tanning. 

Up to the present the tanners of the United Kingdom 
have shown a distinct, even an overwhelming, preference 
for vegetable tannage as distinguished from mineral, in- 
cluding chrome tannage. The fundamental principle in 
both vegetable and mineral tanning is tbe same ; it may 
be thus expressed in tbe words of a distinguished tanning 
authority : — “ It is not only necessary to dry the fibres in 
a separate and non-adhesive condition, but so as to coat 
them or alter their chemical character that they are no 
lor ger capable of being swelled or rendered sticky by 
water.” In vegetable tannages the astringent tannins in 
colloidal solution are absorbed by the hide fibres, and 
cause the contraction and separation of the fibres which 
is the first requisite for leather production. The colloids 
thus precipitated undergo some change — it may be 
polymerisation, dehydration, or oxidation — which, at any 
rate, is irreversible and give rise to a product which will 
not swell or dissolve in water. 

In chrome tannage there is utilised a compound which, 
like the aluminium, ferric, and manganese compounds, is 
capable of producing colloids. The colloidal basic salt in 
tbe chrome ta nage is capable of slow absorption by hides 
immersed therein with the result defined above as funda- 
mental to a tanning process. 

Chrome-tanning Processes . 

The action of chromium salts, whether normal or basic, 
on hides was first studied by Knapp (‘ 4 Die Natur und 
Wesen der Gerberei,” 1858). Knapp described a method 
of chrome-tanning which is identical with one of the 
modern processes, for be proposed the formation of a 
basic chromium salt by the addition of some compound, 
such as normal sodium carbonate, to tbe chrome solution 
after the manner of the so-called “ single-bath ” process. 
In 1878, Heinzerling patented a process foi making 
chrome leather in which skins were treated with alum 
and bichromate of potash, the latter being reduced at the 
expense of the hide fibre and the fats employed in 
curry ing. The process, however, was not a commercial 
success. In x88i Eitner obtained an Austrian patent for 
a combined chrome and fat tannage, in which ht recom- 
mended the use of the normal basic salt Cr 2 ( 0 H)S 0 4 , 
obtained by adding soda to chrome alum in solution ; but 
he, too, failed to produce a successful commercial article. 
In 1884 a successful two -bath process was patented in the 
United States of America by August Schults, and the 
process proved a commercial success in the production of 
light leathers. According to the Schultz process tbe 
skins are impregnated with a solution of potassium 
bichromate, acidified with hydrochloric acid, and the 
chromic acid absorbed by tbe skins is subsequently reduced 
by means of sulphurous acid, through the immersion of 
skins in an acidified solution of sodium thiosulphate. 
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Toe chemical actions involved in the Schultz process 
may probably be divided into two stages. In the first 
stage the chromic acid absorbed by the skins in the first 
bath reacts with the acidified sodium thiosulphate of the 
second bath to produce a colloidal basic chromium com- 
pound having the composition CraOjCrOjHaO and sodium 
tetrathionate Na a S 4 t>6. The brown colour of the skins 
during this process probably marks this particular stage. 
The clearing or brightening of this colour with the 
development of a pale bluish tint is probably doe to the 
further action of the hydrochloric acid, resulting in the 
production of chromium chloride and the precipitation of 
colloidal sulphur Irom the tetrathionate of soda. In hot 
solution the basic chromium compound passes into 
chromium oxide, CraOj. The free sulphur produced in 
the leather by this process adds to its softness, and gives 
it a better colour than is obtained by the single-bsth 
process. On the whole the two-bath process is the more 
suitable for light leathers ; it is unsuitable, however, for 
leather that is to he japanned. 

The popularity of the single - bath process is its 
simplic ty of control. Various mixtures have been placed 
on the market from time to time, and besides the soda 
and chrome alom mixture there is, among others, the mix- 
tore produced by Prof. Procter in 1897, consisting of 
sugar (cane or glucose) and bichromate with a limited 
quantity of hydrochloric acid. 

Advantage of Chrome Tanning . 

One of the main advantages of chrome tanning is rapidity 
of the process as compared with vegetable tannnage, and 
the consequent increase in the possible turnover. The 
waterproofness and compactness of the leather after fat 
liquoring, &c., causes it to be sought after for box-calf, 
glacd kid, and other upper-leathers. Its superiority in 
tensile strength over vegetable- tanned leather makes it 
peculiarly adapted for picking binds, belt and strap 
leathers. The affinity for chrome tannage varies from 
leather to leather. Sheep-skins, horse hides, and kips 
show a smaller affinity for it than goat-skins, ox-hides, and 
especially calf-skins. The basicity of the single chrome 
bath should therefore be modified to suit the skins to be 
tanned, and various mixtures are supplied to the trade with 
that end in view. The further property of the chromium 
salu of forming lakes with many mordant colouring 
matters makes the use for tanning skins of considerable 
interest where the production of coloured leathers is the 
object in view. The chrome tannage of skins entails 
closer technical supervision of processes then vegetable 
tannage; but the problems it offers the chemist and 
tanner and the possibilities it affords of achieving all those 
results in leather production that have given the German 
and American tanners their advantages in the past, must 
necessarily appeal to progressive tanners and leather 
chemists of this country . — Board of Trade Journal , 
May 9, 1918. 


FERTILISING INDUSTRY CONFERENCE. 


A Confbxbncb fully representative of the Fertilising 
Industry was held at the Ministry of Reconstruction on 
Friday, June ax, for the purpose of discussing the forma- 
tion of an Interim Industrial Reconstruction Committee 
for the industry. These Committees, as has been explained 
in these columns in previous issues, are a kind of halfway 
bouse to the permanent Joint Standing Industrial Councils 
which were advocated by the Whitley Committee. They 
will assume temporarily the functions of the permanent 
Industrial Councils for dealing with all problems of the 
reconstruction period, after which it is hoped they will be 
in a position to convert themselves into permanent In- 
dustrial Councils. 


Mr. J. Wilson Hop.-, C.B E., of the Ministry of Recon- 
struction, was in the Chair, and the following representa- 
tives of the trade were present : — 

Messrs. H. Bamford, Walter Packard, R. Waterfall, 
L. E. Strong, T. H. Rawson, C. J. Williams, Alex. 
Darling. (The Fertiliser Manufacturers' Association). 

Messrs. E. Castehwin and F. W. Speyer. (Sulphate of 
Ammonia Association). 

Mr. John Main. (Anglo-American Association). 

Messrs. A. Whiting, J Jones, Jas. McVay. (National 
Federation of General Worker*). 

Mrs. E. Calthrop. (National Federation of Women 
Woikers). 

Major G. D. Hazzledine. (Board of Trade). 

Mr. Bertram Wilson. (Ministry of Labour). 

After the Chairman had stated the purpose of the 
meeting, Mr. Bertram Wilson, of the Ministry of Labour, 
said it was the work of that Ministry to set up Joint In- 
dustrial Councils which, when established, would give 
complete self-government to each industry. These per- 
manent committees, however, took some time to establish, 
and in many trades it had been found advisable to start 
with an Interim Reconstruction Committee, from which 
beginning a Joint Standing Industrial Council could easily 
develop. 

Major Hazzledine, of the Board of Trade, urged the 
desirability of regular consultation between the employers 
and employees in each trade with regard to different trade 
problems, and the advisability of a regular exchange of 
view between the two sides as to the outlook and difficul- 
ties of each. 

In the course of a general discussion which followed, 
Mr. Packard said that the members of the Fertilisers and 
Manufacturer’ Association were quite in sympathy with 
the object of the meeting, but could not yet nominate 
representatives to serve on the Committee should one be 
set up. He expressed the hope that the trade onion re- 
presentatives on the Committee would be men thoroughly 
conversant with the trade. He asked also whether the 
supply of imported raw material was to be bound up with 
these committees, and whether in trades where no such 
committees were set up raw materials would not be 
forthcoming. 

The Chairman, in reply, said that it was not necessary 
to appoint representatives at once. With regard to raw 
material he said that, thoo^h there was no idea of con- 
necting these Committees with the supply of such, yet it 
was only logical to conclude that the claims of a whole 
trade thoroughly organised when expressed through a re- 
presentative b 'dy would carry more weight thin those of 
an individual firm. 

Mr. Jones, of the National Federation of General 
Workers, said that his Union would certainly see that the 
men elected to serve on the Committee were men 
thoroughly conversant with the trade. 

Some discussion arose as to the representation of 
associations, such as those of the fish meal, fish guano, 
and sulphate of ammonia manufacturing trades. The 
Chairman suggested the formation of a composite com- 
mittee which would include all branches of the industry, 
explaining that sub committees cou!d be appointed should 
they be found necessary. 

Mr. Packard then moved, and Mr. Jones seconded, a 
resolution forming an Interim Industrial Reconstruction 
Committee for the whole Industry. After a discussion as 
to the representation of the different districts in which 
the trade is carrying on it was decided that the Com- 
mittee should consist of twelve representatives of em- 
ployers’ associations and twelve representatives of trade 
unioos. 

The first meeting of the new Committee is to be held 
at the Ministry of Reconstruction, 2. Queen Anne’s Gate 
Buildings, Westminster, at ix a m., on Friday, July 19, 
19x8. 
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VAN’T HOFF FUND. 

In agreement with the regulations of the Van’t Hoff 
Fund, founded on June 28, 1913, persons interested are 
informed herewith of the following particulars 

The foundation, situated in Amsterdam, and of which 
the supervision is vested in the Royal Academy of Sciences 
there, is appropriated to give from the rents of the fund 
every year, before March 1, endowments to investigators 
in the field of pure and applied chemistry who will have 
applied for such an endowment to the Committee charged 
with considering the applications and awarding the grants. 

Thi3 Committee is at present constituted as follows:— 
A. F. Holleman, President; S. Hoogewerff ; A. Smits ; 
E. H. Buchner, Secretary. It desirable, this Committee 
may appoint still other members for one year only, to co- 
operate in judging of the applications made. 

The names of persons to whom a grant is allowed will 
be published. The grantees are requested to send to the 
Committee some copies of the papers relating to the results 
of their work ; bot for the test they are at liberty to choose 
the manner of publication, as well as the journal, in which 
to publish their results, if only they mention the fact that 
the research was made with an endowment from the 
Van’t Hoff Fund. 

The amount available over 1919 is about one hundred 
and fifty pounds. 

Applications should be seat, registered by post, to 
Het besiuur der Koninklyke Akademievan Wetenschappen, 
bestemd vjor de Commissie van het Van’t Hoff Foods, 
Trippenhuis, Kloveniersburgwal, te Amsterdam, with a 
detailed account of the proposed use of the grant (the 
amount whereof has to be expressly mentioned), and of 
the reasons on which the candidates ground their claim. 
They must be received before November 1, 1918. 

(In the name of the Committee), 

A. F. Holleman, President. 

E. H. Buchner, Secretary. 

Amsterdam, May, 1918. 


CROPS CONDITIONS ON THE FIRST OF 
MAY, 1918. 

The difficulty of obtaining their food supplies, experienced 
in the principal countries of Europe during the season 
1917 18, has induced the Governments concerned to guard 
against the occurrence of similar difficulties in the ensuing 
season, by an increase of national production. How far 
has this aim been realised ? It is too early to give an 
accurate forecast, but we are able to deal with two factors 
that allow us to form some idea as to what we have the 
right to exoect from the agricultural production of 1918. 
These two factors include the extent of the areas sown 
and the condition of the crops on May 1 after the final 
disappearance of winter. 

The May Bulletin of Agricultural and Commercial 
Statistics published by the International Institute of Agri- 
culture in Rome supplies interesting data on both these 
points of view. With regard to the areas sown for the 
season 191718 in the northern hemisphere, we find that of 
all the countries where definite figures are available, Den- 
mark, France, Great Britain, Luxemburg, United States, 
British India, Japan, Tunis, indicate areas sown with 
wheat this year decidedly larger than those of the 
previous agricultural season. For the United States and 
for British India, in particular, the increase of winter 
sowings is about 5 per cent. 

Only in Spiin and Canada have the sowings decreased, 
but very slightly (less than 2 per cent) in Spain, though 
13 per cent in Canada. We must remember that we are 
dealing for Canada for winter wheat only, and that 
generally this description is no more than one-tenth of 
the total crop. 


1 Chemical Naas, 
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What was the condition of these crops on May x last ? 
Here also there is reason for satisfaction. 

The information furnished by the Bulletin of Agricultural 
and Commercial Statistics allows it to be stated that the 
condition of crops at that date was very good in Ireland, 
good in Spain, Great Britain, France, Morocco, and 
Tunis. The s me may be said as regards the spring sowing 
in Canada, which, as we have seen, is much the most im- 
portant crop in that country. Crop prospects were 
average ones in Italy, Switzerland, the United States, 
and Egypt, and the position was a bad one only for the 
winter wheat crop of Canada. 

In the United States, the Bureau of Crop Estimates, 
taking as a basis the condition of the winter wheat and 
rye crops in April 1 last and the areas under these two 
cereals, estimates that, if circumstances are normal from 
that date till harvest time, the farmers of that country 
will reap 152*410 thousands of quintals of winter wheat 
and 21*845 thousands of quintals of rye. The crop in 1917 
was 113*782 thousands for the first named and 15*277 
thousand of quintals for the latter. 

To sum up, we are enabled to state that both on 
account of the increase in areas sown, and of the 
decidedly favourable condition of the crops on May 1, we 
have the right to expect in the coming summer a better 
crop of food grain than that in 1917. — International In- 
stitute of Agriculture , Rome, May 23, 1918. 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

Ordinary Meeting , May 30, 1918. 

Sir J. J. Thomson, O.M., President, in the Chair. 

Papers were read as follows : — 

“ Method of Avoiding Collision at Sea .” By Prof. J. 
Joly, F.R.S. 

The method of avoiding collision at sea now proposed 
iuvolves the determination of distance between ship and 
ship at regulated intervals by means of synchronised 
signals (preferably wireless and submarine). 

The principle involved is that ships which are advancing 
so as to collide approach one another with constant 
velocity; i.e. t the relative velocity is constant. If they 
are going to pass clear the relative velocity is not constant, 
diminishing to nothing when the vessels are at the 
pasting distance and then changing sign. 

The paper embodies tables and curves showing the 
variations of relative velocity for different passing dis- 
tances. Assuming that a quarter of a sea mile is dis- 
tinguishable by the use of synchronised signals the method 
appears to be certainly available for a passing distance of 
half a mile. 

Mechanical aids towards increasing the reliability of 
observations and facilitating them are described. 

The advantages of the method are chiefly that it 
involves no special intercommunication between ship and 
ship (other than the regulated synchronised signal sup- 
posed to be emitted by all vessels navigating in fog or 
thick weather), and that the distance separating the vessels 
is necessarily kept under observation throughout. 

“Statistical Survey of Colour Vision.” By R. A. 
Houstoun, D.Sc. 

The colour vision of 79 students was tested by the 
method of Dr. Edridge- Green’s colour-perception spectro- 
meter. Three of the 79 were found to be colour-blind. 

The number of observers containing a given number of 
patches was plotted against the latter, and a frequency- 
curve obtained. If the Young-Helmholtz theory is true, 
this curve should have two maxima, one for normal colour 
vision and one for dichromatism. The results show, 
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however, that normal colour vision has quite enough 
“ scatter ” to explain colour blindness as an outlying 
portion of itself, and that it is not necessary to assume 
the existence of a separate maximum. 

Vaiious points of interest in connection with the obser- 
vations are discossed, and it is suggested that a more 
extensive survey made on similar lines at different places 
might settle definitely once for all the vexed question of 
colour-vision theory. 

"Production o / Anthocyanins and Anthocyanidins .” 
(Part III.). By A. E. Everest, D.Sc. 

The paper is a continuation of the author’s previous 
work, and deals with the mode of formation, in Nature, of 
the anthocyanin pigments. 

Available data concerning the co-existence of anthocyans 
and flavonol derivatives are discussed, and preliminary 
experiments with a view to the elucidation of the manner 
in which the anthocyanin pigments are formed in plants 
are described. 

For the first time direct chemical evidence is recorded 
which supports the prevailing view that the anthocyanin 
pigments are produced in Nature via flavonol derivatives, 
it being shown, with a very considerable degree of cer- 
tainty, that in the flowers examined (purple-black Viols) 
the anthocyanin pigment exists side by side with a glucoside 
of the flavonol derivative, from which the anthocyan would 
be produced by reduction. 

The isolation from the purple-black Viola (Sutton's 
M Black Knight”) of a pigment identical with Willstatter's 
Violaniu, and experiments to show the presence of a 
myricetin gluoside in the same flower, are described. 

CHEMICAL SOCIETY. 

Ordinary Muting , May 1918. 

Prof. W. J. Pope, C.B.E., F.R.S., President, 
in the Chair. 

Ths President announced that the Society has lost, 
through death, the following Fellows William Henry 
Blake and Herbert William Mills Willett. 

Mr. A. W. Willis was formally admitted a Fellow of the 
Chemical Society. 

Certificates for election were read for the first time in 
favour of William Baird, 16, Kinnoull Mansions, Clapton, 
E. 5 ; George Rowland Bolsover, Assoc. Met., 31, Rob 
sington Road, Brocco Bank, Sheffield ; John William 
Cobb, East Garth, Lower Wortley, Leeds ; George 
William Dunster, 43, Wards Road, Seven Kings, Ilford ; 
Stanley Eliiott, B.Sc., 40, Arundel Gardens, W. 11 ; 
Robert Ellison, 19, Longdin Street, Latchford. Warring- 
ton; Frank Scott Fowweather, M.Sc., 62, Dale Street, 
Liverpool ; Stanley Joseph Green, B A., Lieut. R.N.V.R., 
Royal Naval Air Station, Stratford, E. 15 ; Francis John 
McCoonell, Anti-Gas Department, University College, 
Gower Street, W.C. 1. 

Messrs. A. J. Chapman and P. Edgerton were elected 
Scrutators, aod a ballot for the election of Fellows was 
held. The following were subsequently declared duly 
elected as Fellows George Edwin Anderson, B.Sc. ; 
Thomas Thompson Best, Ph.D. ; Rudolf Isaac Blackburn, 
B.A., B.Sc.; James Booth; Cyril Bride, B.A., B.Sc.; 
Wilfrid John Brixell ; Giuseppe Bruni ; Colin Campbell, 
M.Sc. ; Albert Henry Clark, rh G., B.Sc. ; John George 
Clarke, M A. ; Govinda Chandra Das, B.Sc. ; James 
Scott Dick, B.Sc. ; Stanley Dixon, M.Sc. ; Frederick 
Charles Dugglcby ; Francis John Dymond, B.Sc. ; 
Owen Charles Edwards, B.Sc. ; Horace George Evans, 
B.A., B.Sc. ; John Henry Freeman ; Charles Eddie 
Gallagher; Arthur Geake, M.Sc.; Archibald Edwin 
Goddard, B.Sc. ; Thomas Greetham ; William Jay 
Hale ; Robert John Hughes, B.Sc. ; William Hughes ; 
Henry Francis Everard Hulton ; Stewart Roy 
Illingworth, B.Sc. ; Harold Thomas Islip ; George 


Johnson; Benjamin Llewellyn, M.Sc. ; Nathaniel Mak- 
over, B Sc. ; Robert Duncan Masson ; William Alexander 
Montagu ; George Totpin Moore, B.Sc. ; George Newbery, 
B.Sc.; William Charles Peck; Harold Scragg; Harry 
Singer; Arthur Nutter Smith; Maurice Smith; David 
Dryden Spence ; John Henry Taylor ; Stephen Veitch 
Telfer, M.B.,Ch.B. ; Alexander Lyle Thomson ; Thomas 
Tucker ; Aogustus James Tyrrell ; William Edwin Upton, 
M.A.; Waller Arthur Voss; Thomas Wallace, M.Sc.; 
Stanley Wsrburton ; Arthur Robert Warnes ; Herbert 
John Watson; Harry William Webb, M.Sc.; James 
Wcod, M.A., B.Sc. ; Henry Worth. 

The following paper was read : — 

“Spinacene, and some of its Derivatives.” By A. 
Chaston Chapman. 


Ordinary Muting , May 16, 1918. 

Prof. W. J. Pope, C.B.E., F.R.S., President, 
in the Chair. 

The President referred to the loss sustained by the 
Society, through death, of the following Fellows:— 
Thomas Watson Lovibond and Sir Alexander Pedler. 

It was announced that the Council had decided to 
reprint the President's Address and to circulate it among 
Members of the Houses of Parliament, Educational 
Authorities, and others holding public appointments. The 
Council, wishing to enlist the aid of Fellows in the cir- 
culation of the Address, have decided to provide copies, 
which can be obtained by Fellows free of charge 00 
applying to the Assistant Secretary. 

Messrs. H. Singer, C. E. Gallagher, and W. A. Voss 
were formally admitted as Fellows of the Chemical Society. 

Certificates were read for the first time in favour of 
Joseph Gauld Bearn, M.Sc., Farnborough, Hants; Roland 
Lebeg Townley Clarkson, x. Lebanon Road, Wands- 
worth, S.W. 18 ; Thomas William Derrington, 20, Alrie 
Avenue, New Malden, Surrey ; Sidney Fleroingcr, 297, 
Amhurst Road, N.16; Fred Henesey, B.Sc., 17, Nile 
Street, Liverpool ; John Bright Hoblyn, 106, Tennyson 
Road, Luton ; John Laurence Pitcbford Hollingworth, 
ij8, Hither Green Lane, Lewisham, S E.13; lames 
Henry Lindficld, 33, Preston Road, Leyton&tone, E. 11; 
Alfred Zygmunt Molteni, 25, Caithness Road, Brook 
Green, W. 14 ; Madyar Gopal Rau, M.A., The Presidency 
College, Madras; Bertram Leonard Read, B Sc., Cran- 
leigh School, Surrey ; Louis Stott, 34, Eimfield Terrace, 
Savile Park. Halifax ; John Turnbull, 18, Wilfred Street, 
Derby; Richard Henry Vernon, Ph.D., 16, Park Parade, 
Cambridge. 

The Ordinary Scientific Meeting was then adjourned 
and the Informal Meeting declared open. 

SOCIETY OF PUBLIC ANALYSTS AND 
OTHER ANALYTICAL CHEMISTS. 

Ordinary Muting , yum 5, 1918. 

W. T. Burgess, Vice-President, in the Chair. 

Certificates were read for the second time in favour of 
Mr. Edward Chapman and Mr. Herbeit Savage, A.I.C. 

The following weie elected members of the Society : — 
Mr. Denys Richard Wood, F.I.C., andCapt. Hubert James 
Llewllyn Parker. 

The following papers were read :— 

'* A Method for the Colorimetric Estimation of Cobalt, n 
By E. Gabriel Jones, M.Sc., F.I.C. 

The method, which is designed particularly for the 
analysis of varnishes and sine paints, is based opon the 
reaction of cobalt with the sodium salt of «-nitroeo-fl- 
naphthol, the effect of several other metals which arc likely 
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to be present being eliminated by the addition of am 
monium citrate. In the presence of nickel, copper, or 
large quantities of manganese, preliminary treatment is 
necessary for the removal of these metals, satisfactory 
methods for which are described. 

“ Tht Valtnta and Crismer Tuts.” By J. H. Johnston, 
M.Sc., F.I.C., and Alan W. Stewart, D.Sc. 

The difficulty in obtaining comparable figures in the 
Valenta test when using glacial acetic acid from different 
sources has led the anthers to prefer the use of the Cri6mer 
test. Absolute alcohol has been used as the solvent in the 
test, as it can be obtained commercially of constant 
strength. The Crismer numbers of various fats are given. 
It is shown bow the Crismer test, in conjunction with the 
butyrorefractometer, forms a rapid method of detecting 
the presence and nature of foreign fat in butters and 
lards. 

“ Nucleic Acid and its Analytical Examination.” By 
A. Chaston Chapman, F.I.C. 

The author has worked out a method for the manu- 
facture of plant nucleic acid on a large scale, and at the 
present time considerable quantities of this acid and its 
salts are being manufactured for the first time in this 
country. The more important properties of nucleic acid 
are described, and a number of methods are given for its 
chemical examination and evaluation. 

“ New Method of Identifying Starches.” By A. 
Wynter Blyth, M.R.C.S., F.I.C. 

The author describes a method of identifying starches 
by taking careful measurements of the individual grains, 
and from these measurements compiling graphs, each 
starch having its own particular graph. 

“ Optical Dispersion of Oils and Pats.” By Percival 
J. Fryer, F.I.C.. and Frank E. Weston, B.Sc. 

The authors have made observations of the refractive 
indices for the C, D, and F lines of the spectrum of most 
of the commonly occurring fats and oils, and have cal- 
culated the dispersive power corresponding to the formula 
/ w F -*c \ 

\«d - 1 / 

They have investigated the effect of free fatty acidity, 
oxidation, and polymerisation on the dispersion figure. 
The effect of the temperature of the observation has also 
been considered. The instrument used was the Pulfrich 
refractometer, using a hydrogen vacuum tube of a pressure 
of about 2 mm. Observations have also been made on the 
dispersion of selected mineral oils and turpentine. 

“Opium Wax.” By Jitendra Nath Rakshit. 

The paper describes the separation of a wax from opium 
and the isolation of the unsaponifiable matter from the 
latter. Some analytical constants and properties of each 
are given. 

“Estimation of Morphine in Opium by Polarimeter.” 
By Jitendra Nath Rakshit. 

The author describes a process for the polarimetric 
estimation of morphine after isolation of the alkaloid from 
opium as the calcium salt. The results obtained by the 
method are compared with those obtained by the B.P., 
1914, and U.S.P. processes. 

“ Two Plant Products from Colombia , S. 4 .” By 
Alfred Louis Bacharach. 

The two products dealt with are the oil of Jessenia 
polycarpa and the seeds of Caryodendron orinocense. 
Descriptions and analyses of each are given, and, for 
purposes of comparison, the recorded figures for olive oil 
and walnuts respectively. The analytical values of the 
oil, obtained by extracting the cru-,hed seeds with ether, are 
also given. 


Royal Society.— The Croonian Lecture, “ The Physio- 
logical Basis of Thirst,” was delivered by Major W. B. 
Cannon, M.R.C., U.S. Army, on June 6, igt8. 
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NOTICES OK BOOKS. 


Directions for a Practical Course in Chemical Physiology. 

By W. Cramer, Ph.D., D.Sc., M.R.C.S., L.R.C.P. 

Third Edition. London, New York, Bombay, Calcutta, 

Madras : Longmans, Green, and Co. 1917. Pp. 

viii-f 1 19. Price 3s. net ; 4s. net interleaved. 

This book has for some time been well known and 
appreciated by teachers and students of physiology, and 
the third edition may be confidently recommended to the 
notice of those who are not already acquainted with it. It 
is not in any sense a text-book of physiological chemistry, 
but contains very clear and full directions for the per- 
formance of the experimental work which should be per- 
formed when such a book is being studied. A most useful 
collection of tests is included, and they are all described 
so explicity and accurately that the student shocld be able 
to get a thoroughly well-founded knowledge of practical 
physiological chemistry from it. The experiments on the 
use of the polarimeter, which were included for the first 
time in the second edition, are particularly instructive and 
useful, and some practice is also given in spectral analysis. 
The plan of beginning with the study of familiar sub- 
stance, such as potato starch, white of egg, milk, &c., has 
much to recommend it, and provides a good introduction 
to the more difficult work on the tissues, metabolism, &c. f 
which follows it. 


The Treasures of Coal-tar. By Alexander Findlay, 
M.A., D.Sc., F.I.C. London : George Allen and 
.Unwin, Ltd. 1917. Pp. xiii + 137. Price49.6d.net. 
The author of this book rightly lays special stress upon 
the fact that the neglect of science in Great Btitain is not 
to be ascribed U> the fault of educationists or manu- 
facturers, or indeed any special class, but to a natirnal 
defect of character which is slowly being recognised. He 
quotes the words of the great German industrial chemist 
to the effect that the English are incapable of the moral 
effort necessary to remedy that defect and to take up a 
study which requires patience, concentration, and disin- 
terestedness, and he points out the immense importance 
of increasing the interest of the nation in scientific subjects. 
One necessary means to that end is the production of suit- 
able literature, and in this book he discusses in easily 
intelligible and non technical language a particularly 
interesting and valuable group of industries, those depen- 
dent upon coal-tar for their raw material. The book gives 
a historical account of the manufacture of tar, its distilla- 
tion, and the substances derived from it. The chapter on 
molecular architecture is a strikingly clear resumi of the 
subject, and the parts on drugs and dyes are also 
profoundly interesting and enlightening. 


Introduction to Inorganic Chemistry. By Alexander 
Smith. Third Edition. London : G. Bell and Sons, 
Ltd. 1918. Pp. xiv-f 925. Price 8s. 6d. net. 

This excellent text-book of inorganic chemistry is certainly 
unsurpassed for the amount of matter it contains, and it is 
a wonderfully good investment at its comparatively low 
price. If the first year student at college or technical 
school means to limit his reading to one book this is the 
one for him, while even if he possesses others be will find 
it most valuable for its excellent summaries and its clear 
expositions of theoretical matters. In the third edition 
more attention has been paid to the applications of 
chemistry, and there has been a certain amount of re- 
arrangement. Modern work has been brought under 
notice, and very useful accounts are given of the work 
of Moseley on atomic numbers, and Bragg on crystal 
structure, for example. The sound philosophical basis of 
the author's work makes his books very stimulating to the 
more thoughtful students who want to look beyond the 
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more obvious phenomena of chemistry, and they cannot 
fail to benefit by the use of a book every page of which 
requires concentrated attention in reading and provides 
much food for thought. 


Experimental Inorganic Chemistry, By Alexander 
Smith. Sixth Edition. London : G. Bell and Sons, 
Ltd. 1918. Pp. vii 17 1- Price39.6d.net. 

This laboratory guide is intended to be used with the 
author's “ General Chemistry fo Colleges or Introduc- 
tion to Inorganic Chemistry," and provides instructions 
for performing experiments to illustrate these books. It 
has been found very useful by teachers as well as students, 
and it contains a full course of experimental work from 
which shorter courses could very easily bt adapted. The 
text is so full of questions and references that it would 
seem practically impossible for the user of the book to do 
his work heedlessly, or lose sight of the principles involved 
owing to his absorption in the experimental details, which 
is not unfrequently the case with beginners in inorganic 
chemistry. Great stress is laid upon the need for atten- 
tion to quantitative relations, and the author's contention 
that the power to reason quantitatively is of inestimable 
value and may be cultivated by the study of inorganic 
chemistry ts undoubtedly true. Teachers will find that 
that they can learn a good deal about laboratory organisa- 
tion and management from the book. It is interleaved 
throughout, in order that rough notes, records of 
weighings, &c., rosy be made by the student in the 
laboratory. 


The Alunite Deposits of Australia and their Utilisation. 

Published under the authority of the Executive Com- 
mittee of the Advisory Council of Science and Industry. 

Me bourne : Albert J. Mullett. 19x7. 

In this short report of the Special Committee appointed to 
investigate the Australian deposits of alunite and their suit- 
ability for the production of potash, methods of manu- 
facturing potassium sulphate from the mineral are de- 
scribed. and some practical notes on working plants are 
added, although it is not possible to give details as to cost. 
The manufacture of alum from the same source is also 
briefly discussed. An import tnt section of the report 
deals with the use of roasted alunite as a fertiliser. It has 
been found that if the substance i6 heated in a suitable 
furnace, either with or without carbonaceous materia], 
until all the aluminium sulphate is decomposed, the finely 
ground product, which is a dry white powder, is slightly 
more effective than high-grade potassium sulphate or 
chloride when used in equivalent amounts corresponding 
ti their potash contents. Thus alunite provides an easy 
means of supplying potash to crops, and it is to be hoped 
that the fruit crops of Queensland and New South Wales, 
which are already sufiering from a lack of potash, may 
benefit thereby. 


The Relation of some of the Rarer Elements in Soils and 
Plants, By W. O Robinson, L. A. Steinkoeniq, and 
C. F. Miller. United States Department of Agri- 
culture, Bulletin No. 600. 

This Bulletin gives the results of determinations of the pre- 
sence of some of the rarer elements in plants grown in soils 
which are known to contain them. The methods adopted 
in the estimations are described, and the results are 
summarised and shortly discussed. It was found that 
very small amounts of lithium, chromium, bariom, 
strontium, titanium, &c., are usually to be detected in the 
ash of plants if they are rresent in the soil upon which 
they have been grown. Vanadiom is often absent, and 
molybdenum was never found. There is no indication 
that any of these elements need be taken into considers- 
tion in preparing fertilisers. 


CORRESPONDENCE. 

STBBL ANALYSIS. 

To the Editor of the Chemical News, 

Sir,— I think that the following list gives a fairly com- 
plete summary of the books on “ Iron and Steel Analysis" 
published in the last few years, and should suffice for your 
correspondent of June 21. 

There are three classics which must find a place in every 
metallurgical laboratory, and of which new editions 
appear more or less frequently. 

x. "The Analysis of Iron," Blair; Lippincott Co., 

U.S.A. 

2. ** Steel Works Analysis," Arnold and IbboUon ; 

Wbituker and Co. 

3. "The Analysis of Steelworks Materials," Ibbotson 

and Brearley. 

Of the remaining publications the following are the 
most important : — 

4. 1901. 11 Methods of Iron and Steel Analysis," 

Phillips; The Chemical Publishing Co., U.S.A. 

5. 1908. “ Practical Methods for Iron and Steelworks 

Chemists," Hesse ; The Chemical Publishing Co., 

U.S.A. 

6. 1909. 11 Rapid Methods for the Analysis of Special 

Steels," Johnson ; Wiley and Sons. 

7. 1909. 11 Laboratory Notes on Iron and Steel Analysis," 

McFarlane ; Longmans, Green, and Co. 

8. 1910. “ Iron and Steel Anal} sis." Vol. I., Campion ; 

Fraser Asher and Co., Glasgow. 

9. 1914. “ Modern Steel Analjsm," Pickard; J. and A. 

Churchiil. 

xo. 1915. "The Sampling and Analysis of Iron Steel," 

Bauer and Derss ; Hall and Williams. 

It would be invidious to select any of these for special 
mention, but it may be pointed out that No. 4 is a 
symposium of the methods in use in American practice. 

No. 6 is more particularly devoted to the analysis of 
special alloy steels. 

No. 7 is descriptive of the methods in use in the Mid- 
lands and the North-East Coast of England. 

No. 8 represents Scottish practice to a large extent. 

No. 9 gives a useful summary of some processes for the 
determination of the less frequently determined elements 
in iron and steel. 

No. xo gives a review of German practice. 

It is quite possible that new editions of these books may 
hive appeared, as my own connection with this branch of 
industry was severed a good many years ago. — 1 am, &c., 

Lawrence Crawford. 

The Sanquhar and Klrkconnel Collieries, Ltd., 

Sanquhar, N.B . June zt. 1918. 


NITROMETER METHOD FOR PHOSPHORUS. 

To the Editor of the Chemical News, 

Sir, — An interesting paragraph appears in the Chemical 
News (cxvii., 227) relative to a nitrometer method for the 
determination ot phosphorus, by J. Clarens. 

The observation of Clarens that by using a particular 
mixture for the precipitation of the phosphorus as am- 
monium phosphomolydate, which he specifies, tbe ratio 
of the ammonium radicle to phespherua it fixed, seems to 
imply that any other mixture would give a contrary remit. 

This is not so ; for some time ago I applied a similar 
method for the determination ot phosphorus in steels, and 
by using a totally different mixture for precipitation 
obtained results from which I drew the same conclusion 
as your corespondent. 

The method, while being accurate and reliable, is not 
to be recommended where time it an important factor, 
such as in a steel works laboratory.— I am, Ac., 

Joseph Shibko. 


Digitized by t^.ooQle 





240 


British Scientific Products Exhibition 


. Chemical News 
\ July 5. *9*8 


MISCELLANEOUS. 


Students of Chemistry and Military Service .— 1 he 
Registrar of the Institute of Chemistry has received a 
letter from the Board of Education stating that the 
Ministry of National Service has cancelled the arrange- 
ments made in connection with military service of students 
of chemistry. The effect of this cancellation is that any 
student of chemistry in Category B (i.), C (i.), or B (ti.), 
or in Grade 2 who has hitherto been protected under the 
arrangements in question, will be called up if otherwise 
available for service. 

Qualitative Analysis and the Cyanogen Compounds 
in Steel. — Tne existence of gases in steel at the prtscnt 
day, especially that of cyanogen, may be an occlusion, as 
we have evidence of eailier formation of it in the earth’s 
vaporous condition before man inhabited it ; or, at any 
rate, of its existence in the sun, or other reasons to believe 
its existence at a high temperature may be the cause of the 
peculiar colour when estimating phosphorus in steel with 
ammonium molybdate, ferrocyanide being formed ; the 
bluish colour is noticed against the permanganate tints of 
a collateral manganese estimation, and we are not inclined 
to think the ammonium radicle in steel likely to be broken 
up in the reaction. - J. C. Thomlinson, B.S:. 

Literary Intelligence. — An Italian work entitled 
“ Chemical Combination among Metals,” by Dr. M. Giua, 
has been translated into English by Mr. G. W. Robinson, 
of Bangor, and is to be published by J. and A. Churchill. 
This book deals with a subject which has of late years 
become increasingly important in the sphere of general 
and inorganic chemistry. The subject is considered at 
length, together with its bearing on the general question 
of valency. The relation between chemical compos tion 
and physical properties is fully discussed. Tne main 
portion of the book consists of a valuable account of all 
inteimetallic systems in which compounds occur. A very 
full bibliography is given in the notes. 

Royal Society of Arts Medals. - The Council have 
awarded tbe Saciety’s S.lver Medal to the authors of the 
following papers read before the Society during the past 
Session:— W. Lawrence Ball-*, Ss.D., Manager of Cotton 
Investigations for the Fine Cotton Spinners and Doublers’ 
Association, “Examples of Applied Science in the Cotton 
Industry.” George Martineau, C.B., “ Sugar from several 
Points of View.” John B. Farmer, F.R.S., Professor of 
Botany. Imperial College of Science and Technology, 
“The Rubber Planting Industry.” Martin O. Forster, 
D.Sc., F.R.S., “ Organic Chemistry in Relation to In- 
dustry.” H. M. Surtees Tuckwell, M.Mech.E., “The 
Tata Iron and Steel Works.” Sir Walter Egerton, 
K.C.M G., Governor of British Guiana, 1912 17, “British 
Guiana and the Problem of its Development.” 

British Scientific Products Exhibition. -The British 
Science Guild is organising a comprehensive exhibition of 
products and appliances of scientific and industrial in- 
terest which prior to the war were obtained chiefly 
from enemy countries but are now produced in the 
United Kingdom. His Majesty the King has graciously 
consented to become Patron of the Exhibition, and the 
Marquess of Crewe, K.G., is President. Among the Vice- 
Presidents are : —The Prime Minister; Mr. Winston 
Churchill, Minister of Munitions; Sr Albert Stanley, 
President of the Board of Trade ; Mr. H. A. L. Fisher, 
President of the Board of Education ; Dr. Addison, 
Minister of Reconstiuction ; Lord Moulton ; Lord Syden- 
ham ; S r J. J. Thomson, President of the Royal Society ; 
Sir W. Crookes ; and other distinguished public men. 
The Exhibition, which will be held at King’s College from 
about the first week in August until the first week in 
September, will show, in the first place, products chiefly 
imported from Germany before the war but now made in 
this country ; but it will also illustrate the remarkable 
developments that have taken place generally in our 


scientific industries. In many of these, as a matter of 
fact, Great Britain always excelled, and it is only our 
national quality of self-depreciation which has prevented 
the public from appreciating the fact that we were able to 
export to Germany apparatus and products embodying the 
highest scientific knowledge and technical skill. The 
gentral scope of the Exhibition has been set forth in a 
preliminary leaflet which has been issued, from which it is 
noted that the exhibits will include chemical products, 
thermal, electrical, and optical appliances, glass, quarts, 
and refractory materials, photographic apparatus and 
material, surgical and medical appliances, and papers and 
textile products. It is believed that the effect of the 
Exbibition will be to have a most stimulatng influence 
upon scientific and industrial research, and the exhibits, 
and the demonstrations and lectures that will be given in 
order to explain them, will undoubtedly bring home to 
manufacturers, as well as to the general public, the great 
and growing part that science plays in industry. Further 
parti.ulars may be obtained from the Organising Secretary, 
F. S. Spiers, 82, Victoria Street, London, S.W. 1. 


'pO comply with Regulation 8 (6) of the Defence ot the Realm 
Act, advertiaementa from firma wboee buaineaa conaiata 
wholly or mainly in Rncineering, Shipbuilding, or the production 
of Munition! of War, or of aubatancea required for the production 
thereof, must include the worda “ No person resident more than 
ten milea away or already engaged on Government work will be 
engaged." 


A NALYTICAL CHEMISTS. — Assistants 

** required, over 23 or ineligible for Army. Experienced Analysts. 
Steel works experience preferred, but not essential. No person already 
engaged on Government work will be engaged.— Apply your nearest 
Employment Exchange, quoting reference No. A 5611. 


V A/anted, Metallurgical Chemist capable of 

' * taking control of 30-cwt. M Heroult " Electric Furnace working 
ou high-class Steels.— Applicants must state age, experience, and 
wages expected, and apply to their nearest Employment Exchange, 
quoting No. A 5610. No person already on Government work will be 
engaged. 


\A 7 orks Analytical Chemist required. One 

V V conversant with Soap Manufacture, Nicotine Extractions, and 
Agricultural and Horticultural Preparations. State full particulars 
and salary required.— Address, W. A., Chemical News Office, 16, 
Newcastle Street, Farringdon Street, London, E.C. 4. 


■youth (16) requires berth in Analytical or 

A Experimental Laboratory. Experience.— Address, Compton. 
93, Commercial Road, S.E. 15. 


Vy anted, good ANALYTICAL BALANCE. 

V * Any make, Sartorius or Bunge preferred.— Address, "Balance,” 
Chemical News Office, 16, Newcastle Street, Farringdon Street. 
London, E.C. 4. 


\A 7 anted urgently, copy ME 1 ALLURGICAL 

v v AND CHEMICAL ENGINEERING dated September 15th. 
Vol. XVII., No. 6. — R, C. Baogb, H.M. Factory, OWbuiy? 5 


MICA 


Telephone 
No. 2248 
Avenue. 

F. WIGGINS ft SONS, 102/3/4, Minorles, London, E. 

MICA MERCHANTS, 

dxnufaoturara of Mica Goods for Bltctrloal and ALL purposes. 

Contractors to His Majesty's Government* * 


ORDER THE PAPER. 


In consequence of the “ No Returns Order ” of the 
Government, readers of the “ Chemical News” are 
requested to ensure a regular supply of the paper by 
placing an order with their Newsagent 
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8PECIAL NOTICE TO SUBSCRIBERS. 

Wb regret to announce that the recent paper 
restrictions will compel us for a period, until we 
can secure our usual supply of paper, to publish the 
Chemical News fortnightly instead of weekly. 

The price will not be altered, except as regards 
the subscription price, which, until further notice, 
will be calculated at £1 for fifty-two numbers, or 
pro rata . 

Subscribers will please note that the respective 
expiration dates of their subscriptions will be 
extended accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their extended 
subscription periods. 

The text issue (Mo. 8053) will be published on 
Aigust and. 


THE BOILING * POINTS OF THE PARAFFINS. 

By GERVAISE LE BAS. 

Onk of the few rnles correlating the boiling-paint of com- 
pounds and chemical constitution, due to Hinrichs and 
Neumann, has stood for several decades without qualifica- 
tion oc amplification. The idea is that the more con- 
siderable the branching of the chain, or, on the other 
hand, the more compact the molecule, the lower is the 
boiling-point. 

A further consideration of this question shows that the 
real causes of the regularity are not brought out by the 
rule, and in any case the rule is not always followed. 

The diminution of the boiling-point is found to depend 
on the substitution of the tf, y, and i . . . carbon 
atoms by methyl groups. It is not difficult to show that 
the lowering of the boiling-point is proportional to their 


In dealing with the question it is necessary to consider 
the iso structure. It is sometimes the practice of writing 
the formula of iso-compounds as follows 

CHj^ ~ 

the assumption being that it consists of two similar methyl 
groups attached to one carbon atom. 

From the point of view of boiling-points this is not true. 
This class of structure involves the substitution of the 
hydrogen of «, $, y f S . . . carbon atom of hydro- 
carbon chain by a single mu thy l group. The difference in 
boiling-point due to this structure is 6° or 7 0 when substi- 
tution of the 0-methylene group has been effected, and 
■figbtly more— 9 0 — when the y methyleoe group has been 
suoetitotod. 

Two MstkyUlkmnes. 


(e) One substitution : — 
CH 3 CH(CHj).CH*.CH 3 

»- Pentane 


B-p. 


30 


CH 3 .CH(CHj).C 3 H 7 62 


A. 


-8 


-7 


N-Hexane 


B.p. 

1 • • • 69 

A. 

CH v CH(CH 3 ).C 4 H g .. 

• s • • 

. .. 903 


N-Heptane 


• 98 

-7*7 

CH 3 .CH(CH 3 ).C 5 H IX .. 

* . * . 

. .. 118 


N-Octane 


. .. i?5 

-7 

CH 3 .CH(CH 3 ).C6H 13 .. 

•T • • 

. .. 143 


n-Nonane 

• • . • • 

. .. 150 

-7 


(6) Two substitutions 

CH 3 .CH(CH 3 ).CH a . CH a . CH(CH 3 ).CH 3 1085 

n-Octane 125*0 

CH 3 .CH(CH 3 ).CH a .CHa CHa.CH 

(CH 3 ).CH 3 1350 

n : 4- Dimethyl heptane gives 133 0 

2 : 5-Dimethyl heptane gives 136° 

a-Nonane 150 

CH 3 .CH a .C(CH 3 ) a .CH a .CH 3 860 

n-Hexane 98*0 

[c) Three ubstitutions : — 

CH 3 .CH(CH 3 ).CH(CH 3 ) CH a - 

CH(CH 3 ).CH 3 ) 1300 

n Nonane 150*0 

Substitution of the y-group may take place 
CH 3 .CHa.CH(CH 3 ) CH a .CH 3 60 

n-Hexane 69 

The difference is somewhat greater than for 0- 
substitution. 

This follows a rule given by Garcenmeister as a result 
of his examination of the aliphatic esters, except that in 
these cases the difference diminishes as substitution towards 
the centre proceeds. The significance of this difference 
will be given later. (See Note 1). 

When the CH 3 group is replaced by one of greater com- 
plexity the diminution nearly disappears. 


-165 

2x8*2 


-150 
2x75 
— 12*0 
2X6*0 


3X66 


-90 


N-Heptane 98*0 

CH 3 .CH a .CH(CH 3 ).C 3 H 7 .. [890] 

CH 3 .CH a CH(C a H 5 ).C 3 H 7 . . 96 0 


-9*0 

- 2*0 


This is striking evidence in favorr of the view that the 
diminutions are connected with the substitution of hydro* 
carbon chains by methyl groups. 

Thru Methyl Groups. 

£”j>ch-ch 3 -, 7 o 


ch 3 

Trimethyl methane. 


n-Butane . 


CH 3 

I 

CH 3 -C-CaH 5 

ch 3 

Trimethyl propane. 


+ t o 


49 


- 18*0 
3x6*0 


N-Hexane 


-20 o 

.. .. 69 

3x6 6 

The boiling point of the above compound it probably 48°. 


Digitized by ^.ooQle 




Estimation of Potash. 


Chemical New*, 
July 19, 1918 


242 


Four Methyl Groups. 

CH 3 

I 

CH 3 -C-CH 3 95 

I 

CH 3 

Tetramcthyl methane. 

-285 

4 X 7 ' 1 

u-Pentane 380 

It is seen that when the 0 methylene group is substituted 
by two methyl groups, the number to be counted is three or 
four as the case may be, never two. Under the circum- 
stances the terminal methyl groups of the original hydro- 
carbon chain have to be taken into consideration. 

(CH 3 ) 3 .C.CH 2 .CH 2 .CH(CH 2 )CH . 120° 

n-Nonane 15° 

4 X 7*5 

This is 1 : 1 : 1 : 4-tetramethyl pentane and not 2:2:5 
or /3j3c-trimethylhexane as stated. 

It should be remarked that when two contiguous carbon 
atoms are united to methyl groups there is an augmenta- 
tion of the boiling-point of about 4 0 ; e.g.> diisopropyl : — 


CH 3 .CH.CH.CH 3 

ch 3 ch 3 

3 : 3-Dimethyl butane. 

n-Hexane 

Two methyl groups (rise) 


58 ° 


IX 

69 

16 2x8 


5 

CH 3 .CH-CH.CH 2 .CH(CH 3 ).CH 3 

I I * 3 ° 

GH 3 CH 3 20 

1:2: 5-Trimethyl hexane. 


»-Nonanc 

Three methyl groups rise 


* 5 ° 

24 (3x8) 

* 

4 ° 


It will be seen that there is in the above relations justi- 
fication for the nomenclature advocated by the Geneva 
Convention. (See Note 2). 

It follows that many of the names and formulae given to 
compounds are not correct. 

The iso-structure has been commented on. Also— 


CH,.CH<gH» 


methyl diethyl methane — 

/C2H 

ch^-c 2 h 

\C 2 H 


5 

5 

5 


triethyl methane, are terminological inexactitudes. 

The two compounds are derivatives of pentane ; in fact, 
7-metbyl pentane, and the second 7 ethyl pentane. 


Notes. 

1. In endeavouring to get some idea of the causes of the 
above changes it must be noted that the boiling-point 
diminishes as the number of methyl groups accumulate in 
the molecule, and the mere branching of the chain does 
not necessarily produce any great change in the boiling- 
point. The diminution of the boiling point indicates that 
the presence of methyl groups diminishes the residual 
affinity, or, at any rate, the intermolecular cohesion. This 
may be due to the fact that in the methyl group there is a 
greater proportion of hydrogen than in the methylene 
groups, and since this substance in the elementary state 


has a very low boiling-point as well as abnormally large 
volume, there is imparted to the broken chain compounds 
similar characters provided the substituents be methyl 
groups and not ethyl or more complex groups. The 
theory of molecu ar volumes shows that the abnormal 
volumes of methane and ethane, &c., are due to the cor- 
responding expansion of carbon as well as that of 
hydrogen (vide prox.). 

2. Two contiguous methyl groups cause a rise in boiling- 
point owing to their mutual action in increasing the re- 
sidual affinity or intermolecular cohesion. This applies 
to two methyl groups in the ortho-position (see 
Chemical News, 1918, cxvii., 121). The simpler 
paraffins— that is, those with the terminal methyl groups 
near together— have also very low boiling-points, &c., the 
view being that the substituting methyl groups have to 
some extent the properties of methane. 

It follows that Hinrichs and Naumann’s rules are not 
necessaiily true, and the generalised statement of the 
regularity needs to be changed in the manner indicated, 
at any rate for the hydrocarbons. This would no doubt 
be supported by the consideration of complex hydro- 
carbons, the substituents of the main chain being residues 
more complex than CH 3 ; say, C 3 H 7 — , C 4 H 9 — , C5H11 
e.g., CjHn.CH^H^.CaHj. 


THE ESTIMATION OF POTASH. 
By BERTRAM BLOUNT, F.I.C. 


Potash is now a material of national interest, and its 
estimation with accuracy is the root of the whole matter. 
Such things as felspar, blast furnace flue dust, the dust 
from cement kilns, were commonly disregarded as potential 
sources of potash, but the stern necessities of war have 
taught us to be no longer dependent on the Stassfurt 
deposits. Usually analyses of silicate rocks, clays, 
cements, and the like have hitherto ended with “ alkalis 
and loss ” or “ perte et divers,” both phrases quite suffi- 
cient for the purpose in view. And here I may remark 
that of the many thousands of analyses of such materials 
published by German chemists there is hardly one which 
does not say “ alkalis so much per cent ” — which, of course, 
is impossible unless the mixed oxides are isolated and 
weighed as such. If weighed jointly as sulphate, as is 
often done, no such return is possible, and if they are 
computed by estimating the sulphuric anhydride, then they 
should be stated separately. 

With soluble materials containing potash there is little 
difficulty save in the later stages of the process, but in the 
case of the substances cited above some complications 
may arise. 

Substances containing potash in a soluble form can be 
leached out and the potash estimated in the usual way. 
What potash can be regarded as soluble has to be decided 
by an arbitrary method ; it is generally agreed that the 
citric acid process is suitable. But, as in the case of basic 
slag, the material may be available although not im- 
mediately soluble. 

Therefore it comes to this : that the whole of the potash 
in whatever form in any substance shall be estimated. 
Such a method is on a par with the absolute method of 
Dumas for nitrogen. All that is needed is the potash — as 
in the Dumas case, the nitrogen. 

Taking, then, a general basis, it may be said that the 
sound principle of eliminating everything from the sub- 
stance analysed, exerpt the substance to be determined, 
must be adopted. Everything must be cleared out. Short- 
cuts, useful for particular purposes, arc practically useless 
in this case. Blank tests must be made throughout, and 
analy ses of mixtures containing a known amount of potash 
are desirable. The method used in my laboratory is as 
follows:— 
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Method jot the Estimation of Potash in Siliceous Rocks , 
Clays , &*c. 

Opening up. — It is essential that the whole of the 
materiil should be in solution, and for this purpose many 
different methods have been suggested, such as that by 
Lawrence Smith. In practice, however, I have found that 
treatment by hydrofluoric acid, together with sulphuric 
acid, is by far the most accurate and satisfactory method. 

The method which I have adopted is as follows A 
small portion of the bulk ground sample is very finely 
ground in an agate mortar, and if necessary dried again. 
One-half a grin, to 2 grms. is weighed out and transferred 
to a fair-sized platinum crucible, and digested for two or 
three hours with 10 cc. purest hydrofluoric acid (that sup 
plied in cerasin bottles) and 2 cc. sulphuric acid (t>uriss.). 
If necessary, a further 10 cc. of hydrofluoric acid is added, 
and the whole gently evaporated till most of the sulphuric 
acid has been fumed off, great care being taken to prevent 
loss by “ spurting.” The anhydrous sulphates are taken 
up by digesting with hydrochloric acid, and the diluted 
solution Altered off through a small Alter, retaining the 
insoluble matter in the dish. This is further digested with 
hydrochloric acid and Altered off as before, and if any 
residue still remains, which is usually due to insuffleient 
attack, it is washed on to the Alter paper, which is then 
thoroughly washed, dried, very gently ignited in a 
platinum crucible, and the above process of treatment 
with hydrofluoric acid, &c., repeated. The original 
grinding in the agate should be so thorough that further 
grinding at this stage should be unnecessary, as it would 
involve loss. In the case of matt-rials such as limestone, 
Ac , the bulk of which can be readily dissolved, the method 
is modified, in that the material is Arst digested with 
hydrochloric acid, and the insoluble portion is then treated 
as above and added to the main solution. 

Removing other Constituents.— The iron, alumina, and 
manganese are removed by the addition of bromine and 
ammonia and a short digesti m. The precipitate is Altered 
off and thoroughly washed. Ammonia is added to the 
A irate and the whole boiled. Ammonium oxalate is then 
added and the whole boiled up again. After the pre- 
cip tate has been allowed to settle, the calcium oxalate is 
filtered off and washed thoroughly, and the filtrate gently 
evaporated to a low bulk. The baton is then covered 
and sufficient nitric acid is added to destroy the ammonium 
salts, and, whilst still covered, the whole is evaporated till 
just dry, or till fumes of sulphuric acid appear. After 
cooling, the residue is taken up in 2 or 3 cc. of hydro- 
chloric acid and a little water, and gently evaporated to 
low bulk. The solution is diluted, a small excess of a 
clear solution of barium hydrate is added, and the whole 
digested for about half-an-hour, during which time a 
slight skin of barium carbonate should form on top, 
showing that an excess is present. Tne precipitate is 
filtered off and thoroughly washed, and the filtrate digested 
with excess of ammonium carbonate, and the precipitated 
barium carbonate Altered off and washed. The Altiate is 
evaporated to low bulk on a water-bath, a few cc. of 
hydrochloric acid are cautiously added, and the whole 
transferred to a small platinum dish and evaporated to 
dryness on a water-bath. The residue is very gently 
ignited over an argand burner to drive off all the am- 
monium chloride, the crude alkali chlorides dissolved in 
a small quantity of water, a drop or two of ammonium 
carbonate added, and digested for a minute or two, and 
the whole Altered off through a very small Alter with 
thorough washing into a weighed platinum dish. The 
filtrate is evaporated on a water-bath and the residue 
carefully ignited over an argand, cooled id a desiccator, 
and weighed. This is the weight of the pure alkali 
chlorides. 

As potash adheres very persistently to all the pre- 
cipitates and filter-papers, it is absolutely essential that 
the washings should be very thorough at all the various 
stages. It is better to have to remove traces of any 
•lightly soluble precipitate such as magaesia from the 
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crude alkali chlorides than to run the risk of leaving some 
of the potash in the precipitates or filter-papers. 

Separation of Potassium from Sodium. — Although many 
methods have been tried, such as the cobaltinitrite and 
perchlorate methods, the older method of platinic chloride 
still seems the best where accuracy is required. The pure 
alkali chlorides, obtained as above, are dissolved in a 
small quantity of water (and should of course leave no 
residue) and sufficient platinic chloride added to combine 
with the whole of the potassium and sodium salts and 
leave a slight excess. The solution is evaporated on the 
water-bath till it begins to get pasty, then cooled, diluted 
with a sufficient quantity of So per cent alcohol by volume 
to take up the whole of the sodium salt, and allowed to 
stand for a few hours. If the quantity of alkali is large, 
it is better to take up the pasty chlorides in a small 
measured quantity of hot water, coni, and add suffic ; ent 
absolute alcohol to bring the Anal solution to 80 per cent 
by volume. 

The precipitate of potassium platinic chloride is filtered 
off, washed with 80 per cent alcohol till quite free from 
sodium salts, warmed to drive off the alcohol, and then 
dissolved through into a weighed platinum dish by means 
of boiling water, evaporated to dryness, dried in an air- 
oven, cooled, and weighed. 

Platinum Residues. — Many methods have been pub- 
lished, reference to some of which is given below. 

The best and shortest way is to taxe the whole rn^sa to 
dryness and ignite to full redness (1 ioo° C.). The mass 
is ground finely and extracted with water, then with 
hydrochloric acid, washed well, and then extracted w»th 
fitric acid. The residue is again ignited and i xtrjeted 
with aqua regia. The solution is evap rated to dryness 
and taken up with HC 1 and water. 

All solutions except the first aqueous extract are 
returned to be worked up wi h thr next batch. 

References. — Mellor, 44 Treatise on Chemical Anaksi-,” 
p. 240. Cro ^kes, 44 S Ject Methods m C^envca! Analwis" 
p. 462. yournal of Society of Chemical Industry. 1897, 
p. 642 ; 1901. p. Q02. And many of the ordinary text books. 

Addendum. — On account of the scarcity of platinum it 
is advisable to have an alternative method The be*t of 
these is the perchlorate process, and a good account is 
given by Mellor in 14 A Treatise on Q limitative In <rganic 
Analysis,” p. 237, wh’ch is here transcribed. 

The Process — 44 Dissolve the mixed chlorides (see 
Note) in from 10 to 15 cc. of hot water, and then add two 
or three times as much perchloric acid as is theoretically 
required to precipitate the mixed perchlorates. Evaporate 
the mixture on a water-bath to a syrupy liquid until the 
fumes of perchloric begin to appear ; cool a little. Take 
up the mass with hot water, and add 5 to 6 cc. of perchloric 
acid. Re evaporate until the fumes of perchloric acid 
again begin to arpiar. The obj-ct of this treatment ts to 
remove the hydrochloric acid. This is imimitant. Stir 
the cold mass with about 20 cc. of 96 or 97 psr cent 
alcohol containing 0 2 per cent by weight of perchloric 
acid. Keep the potassium prrehl Mate as coarsely granular 
as possible. Let settle. Decant through a dried and 
weighed Gooch’s crucible. Wash the residue by decanta- 
tion through the Gooch’s crucible three times. About 20 
cc. of the alcohol will be needed for the washing. Transfer 
the precipitate to the Gooch’s crucible by means of 
alcohol. Some prefer to wash the residue at this stage 
with 20 cc. of a mixture of equal parts of 97 per cent 
alcohol and ether. Drv the precipitate at 120 — i3o 3 for 
about hall-an-hour, and then weigh as KC 0 4 .” 

(Note. - The amount is calculated as follows : — Assume 
that the mixed chlorides are all sodium chloride, and that 
the perchloric acid used is 30 per cent (sp. gr. 1*20) solu- 
tion). Multiply the weight of the mixed chlorides by 6, 
and the product represents the number of cc. of acid re- 
quired for the work. Perchloric acid of approximately 60 
per cent strength has a sn. gr. of 154 : 30 per cent, 1*20 ; 
and 20 per cent, 1*12. There is no difficulty about keeping 
the acid. It is not decomposed by hydrochloric or by tul- 
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Extraction Of Radium jrom American Pitchblende Ores, 


pburoos acid. The acid slowly volatilises at 138° C. 
without decomposition. It is not affected by exposure to 
light. The strength of the acid is easily determined by 
titration of a known amount with standard sodium hy- 
droxide with phenolpbthalcin as indicator). 

The process given in the main paper is followed strictly 
until the mixed chlorides are isolated in a pure state. 
They are then separated by the perchlorate method instead 
of by the use of platinic chloride. In other respects the 
operations are identical.— The Analyst , April, 1918. 


EXTRACTION OF RADIUM FROM AMERICAN 

PITCHBLENDE ORES BY CHLORINATION. 

By Mrs. RAY CABLE sod HERMAN SCHLUNDT. 

The uraninite in the pitchblende ores of Gilpin County, 
Colorado, occurs very intimately associated with iron 
pyrites. Apparently no satisfactory method of separating 
the uranium minerals from the pyrites by mechanical 
methods has been developed. Concentration of the ore 
by the ordinary mill operations results in several products 
ranging in content of uranium oxide, U 3 C>8, from 1 per 
cent to 25 per cent. The final blending gives three 
grades:— High-grade, containing upwards of 16 per cent 
U3O8 ; medium-grade, averaging about 4 per cent ; and 
low-grade containing less than 2 per cent U3O8. The 
main body of all grades, however, is iron pyrites. 

The extraction of radium, from these ores has been 
carried out successfully on a commercial scale by methods 
developed in the U.S. Bureau of Mines. During the 
summer of 1916 one of us assisted for a time in the 
laboratory experiments conducted in the Mining Experi- 
ment Station of the U.S. Bureau of Mines at Golden, 
Col., preliminary to plant operations. We were thus 
brought face to face with some new problems in radium 
extraction from an ore differing fundamentally from the 
European pitchblendes in its distinctively high content of 
sulphide minerals. Subsequently we continued our in- 
vestigations on these ores in the chemical laboratory of the 
University of Missouri. The experimental results here 
presented summarise the results obtained by a new method 
of extracting radium by direct chlorination of the ore. 
Wa are indebted to Dr. R. B. Moore, Superintendent of 
the Golden Station, for the samples of ore used in these 
experiments. 

Tht Reaction. 

When the ore is heated in an atmosphere of chlorine, 
interaction takes place readily. The principal products 
of the reaction are sulphur monochloride, S a Cl a , and 
chlorides of the metals present. The reaction of chlorine 
with iron pyrites takes place mainly according to the 
equation, 2FeS a +5Cl a - 2FeCl 3 -f 2S a Cl a , and is an 
example of one of the general methods of preparing 
sulphur monocbloride. By conducting the reaction in a 
stream of chlorine gas the chloride of iron together with 
chlorides of uranium appear as a crystalline deposit in the 
cooler parts of the apparatus, while the more volatile pro 
duct, sulphur monocbloride, can be separated as a gas 
which is easily condensed and collected in a receiver. 
Chlorination probably converts the radium into chloride, 
which, contrary to our expectations, is also carried forward 
in the current of chlorides, a relatively small fraction only 
remaining with the unattacked constituents of the ore. 

Upon the addition of water to the residue and 
anhydrous chlorides of the metal a very vigorous inter- 
action occurs. The radium compounds for the most 
part remain in solution. After filtering off the small in- 
soluble residue, the radium can be precipitated very 
nearly quantitatively as radium • barium sulphates by 
adding to the filtrate a little barium chloride solution and 
ita equivalent of sulphuric acid. The addition of sulphate 
ions to precipitate the radium-barium sulphates is, as a 
rule, not necessary, inasmuch as a small quantity of 


sulphates is generally produced in the course of the 
chlorination. The reason for the radium not precipitating 
in the presence of sulphates when the chlorides are treated 
with water, we are inclined to attribute to the lack of 
sufficient barium in the ore. Recent determinations of the 
solubility of pure radium sulphate conducted by Lind, 
Underwood, and Whittemore {Joum. Am. Chem. Soc. t 
1918, xl., 3) in the Golden Station of the U.S. Bureau of 
Mines have fixed the solubility of radium sulphate in water 
as approximately a hundredfold less than that of barium 
sulphate. Nevertheless the minute quantities of radium 
in the solutions here under consideration still lie below 
the solubility product of radium sulphate. However, 
when radium sulphate is precipitated together with a large 
excess of barium sulphate the solubility of radium sul- 
phate is far below the actual solubility of radium sulphate. 
Hence precipitation of barium sulphate in quantity a 
hundredfold or more the solubility of barium sulphate in 
the solution results also in a practically quantitative pre- 
cipitation of the radium. 

The Ore Samples . 

Experiments were conducted with the three grades of 
ore designated respectively low, medium, and high grade. 
The radium content of each grade was determined quanti- 
tatively by separating the emanation from weighed 
samples, and measuring the ionisation cuirent product 
by it in standardised electroscopes. (For a description of 
the method and the apparatus used see Lind, “ Practical 
Methods for the Determination of Radium,” Joum. Ind. 
and Eng . Chem. % 1915, vii., 406 and 1024 ; see also 
Schlundt and Moore, Joum. Phys. Chem., 1905, ix., 320). 
The percentage of uranium was computed by multiplying 
its radium content by the established constant, 3 x to 6 , for 
the ratio of uranium to radium in primary uranium 
minerals. The analytical results thus obtained appear in 
the tabulated summary given herewith. The percentage 
of uranium in the high grade ore was also determined by 
chemical analysis in the laboratory of the Bureau of Mines, 
and found to be 17-58 per cent U 3 08, a value in close 
agreement with the uranium oxide equivalent of 17*45 per 
cent calculated from the radium content. Since some 
emanation is continuously liberated from the ore under 
ordinary conditions of temperature and pressure it is neces- 
sary in making radium determinations on samples not 
previously sealed until equilibrium has been attained to 
determine the emanating power on another sample. We 
found that the emanation lost in the cold ranged from 6 
to 9 per cent of the total in the different grades. The 
values for the radium content given in the table are, of 
course, based upon the equilibrium quantity of emanation. 

In making the radium determinations the emanation was 
separated by dissolving suitable quantities of the finely- 
ground ore in 40 per cent nitric acid and collecting the 
gaseous products in a gas burette over a hot solution of 
sodium hydroxide. The interaction of hot nitric acid with 
the sulphides of the ore produces seversl oxides of 
nitrogen, one of which, nitric oxide, is absoibed only very 
sparingly by the alkaline solution. As s result the volume 
of gas in determinations where samples of about a grm. of 
ore were required was found to exceed the capacity of our 
gas burettes. This difficulty in the usual procedure may 
be overcome either by largely displacing the air in the 
reaction flask with oxygen before introducing the nitric 
acid, or by admitting oxygen into the burette from time to 
time during the progress of the reaction. Oxygen converts 
nitric oxide into nitrogen peroxide, NO a , which is readily 
absorbed in the solution of lye. 

The Experiments. 

For chlorination, the ore in charges of 30 to 35 grms. 
was spread out over about one-third the length of a 1} 
meter piece of hard glass combustion tubing 01 fully 2 cm. 
diameter, fitted at both ends with one- hole rubber 
stoppers. The ore charge was heated in a long combus- 
tion furnace of the type usually employed for combustion 
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Grade of ora. 

i. Radium content of ore, parts per 
billion 

а. Uranium content of ore, expressed 

as U3O1 

3. Weight of ore used 

4. Weight of tailings 

5. Total radium in ore sample . . . . 

б. Weight of sulphates recovered 

7. Radium recovered in sulphates 

S. Radium recovered in sulphates . . 
Concentration of radium in sulph tes 

—parts per billion 

so. Concentration ratio. • 

ss. Radium losses 
(r) In tailing s e manation method.. 
(6) In liquors -emanation method .. 
sa Radium unaccounted for.. . . .. 


Table I .—Summary of Results. 


Low. 

Medium. 

High 

343 

8*3x2 

49*27 

i*2o per cent 

32*0 grms. 

3*30 grms. - 10*32 p.c. 
109*8 x io -9 grms. 

0 0938 grm. 

102*5 x xo -9 gnns. 

93*34 cent 

2*92 per cent 

35*0 grms. 

0*795 grm. « 2*27 p.c. 
290 qx xo ~9 grms. 

0*237 grm. 

267*1 x io -9 grms. 

9x78 per cent 

17*45 per cent 

35 0 grms. 

3*53 gnns.- 10*09 p.c. 
1724*5 x xo -9 grms. 
0*635 grm. 

1615 x xo -9 

93*68 per oent 

1084 

3x6 : x 

1x27 

135 : * 

*543 

5x 6: X 

x 954XXor-9g.-x*74p.c. 
4*23 x xo- iog. - 0*34 p.c. 
4*58 per cent 

4*36 X X 0 ~ 9 g. — 1*53 p.C. 
1*49 X XO~ 9 g. *0*51 p.C. 
6*18 per cent 

56*6 x xo -9 g.m 3*29 p.c. 
4*43 x xo- 9 g. -0*26 p.c. 
277 per cent 


analysis of organic compounds. On the one hand, the 
tube was connected with a tank of liquid chlorine, and on 
the other with a condenser and receiver. A wash- bottle 
containing sulphuric acid was placed in the train next to 
the chlorine tank, and this was followed by a T-tube dip- 
ping into mercury which served as a vent for the escape 
of chlorine in case the products of the reaction ever 
dogged up the outlet end of the tube. A plug of glass- 
wool was inserted near the outlet end of the tube to stop 
small amounts of metallic chlorides that are apt to be 
swept along by vapours of sulphur monocbloride when 
chlorination is rapid. In the early experiments the ore 
charge was placed in several porcelain boats, but after 
finding thst only a small fraction of the radium remained 
with the unattached residue the boats were no longer 
used. 

The chlorination was conducted by heating moderately 
at first with a slow stream of chlorine passing until rapid 
reaction starts, which occurs before low redness is reached. 
The supply of chlorine was then materially increased 
and the temperature gradually raised to low redness. The 
metallic chlorides formed are deposited along the tube 
beyond the heated portion, and sulphur monochloride 
passes on to the condenser if the cooler part of the tube 
ts kept at a temperature above 137°, the boiling-point of 
the monochloride. 

Chlorioation of the low grade ore was at first carried 
out with samplea ground to pass through an 80-mesh 
sieve, but when it was found that this degree of com 
munition ia not necessary for complete chlorination, ore 
of 20 mesh was used in the subsequent experiments with 
med iu m and high grade ores. Several of the chlorine- 
tiona lasted three to five hours, but in most of the experi- 
ments the flow of chlorine was so regulated that a charge 
of 35 grms. waa completely chlorinated within an hour. 
Turning the tube a little with an occasional tapping saves 
time. 

When the tube had cooled it was taken from the furnace 
and the contents washed out with water or very dilute 
hydrochloric acid. After boiling the insoluble residue, the 
tailing was filtered off, washed, ignited, and weighed. 
The filtrates were again heated to boiling and radium 
precipitated by adding a few cc. of a 10 per cent solution 
of barium chloride and an excess of sulphuric acid. Three 
or foor days after precipitation the sulphates were filtered 
off, ignited, weighed, and finally assayed for radium. 
The liquors were diluted to 500 cc., and samples of 200 cc. 
were boiled and sealed op for quantitative determinations 
of radium remaining in solution. 

Complete duplicate experiments were conducted with 
each grade of ore. The recovery of radium in the sul- 
phates, and the losses of radium in the tailings and 
Honors were determined by the emanation method. Care- 
My standardised electroscopes (Learning, Schlundt, and 


Underwood, Trans. Am. EUctrocktm. Soc., 1916, xxx., 
375) of the interchangeable type designed by Dr. Lind 
[loe. cit.) t of the Bureau of Mines, were used in the 
radium determinations, and use was made of the apparatus 
for boiling off and transferring the emanation described by 
the same author. Small samples (20 mar ms.) of the 
radium bearing sulphates were fused with mixed car- 
bonates of sodium and potassium in small platinum boats, 
which were then stored in sealed tubes for definite periods 
and finally decomposed with 1 : 1 nitric acid in an 
apparatus for collecting the emanation quantitatively. 
For determinations of radium in the tailing samples 
about half the quantity of insoluble residue from 35 grins, 
of ore was fused with mixed carbonates in platinum 
crucibles, the melt poured out into an iron mortar, pow- 
dered, and then sealed in thin class bulbs. After several 
days of storage the accumulated emanation was separated 
by decomposition with nitric acid. Details of the pro- 
cedure and calculation of the results are given in some of 
the references cited. 

Tks Results. 

The experimental results are summarised in Table I. 

The recovery of radium is satisfactory for each grade of 
ore, and the radium content of the sulphates lies well 
within the limit required for further concentration by 
fractional crystallisation after conversion of the sulphates 
into chlorides. The concentration ratios were computed 
by dividing the figure for the concentration of radium in 
the sulphates by the radium content of the grade of ore 
from which the sulphates were recovered. The radium 
losses given for the liquors are probably too low, inas- 
much as our method of testing simply accounts for the 
radium actually in solution and does not include possible 
traces of radium carried in suspension. We are therefore 
inclined to assign the percentages of radiom unaccounted 
for at least in large part to this avenue of loss, because a 
second precipitation of barium sulphate in the liquors in- 
variably gave a M second ” sulphate of higher radium con- 
tent than the loss found in the liquors by our method of 
testing. We are convinced that the loss of radium in the 
sulphur rponochloride is negligible. In one experiment 
the residue left upon evaporation of the chloride when 
tested by the ordinary «-ray method showed no activity 
whatever. 

It would be interesting to ascertain whether the radiom 
in the deposit of metallic chlorides can be further con- 
centrated by volatilising the anhydrous chlorides again. 
Perhaps the radium would then remain for the most part 
in the non-volatile residue. 

We hope to extend the investigations in the near future 
to larger samples of ore. 

A few chlorination experiments with carnotite ore did 
not give results of promise for a method of extracting 
radium. 
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The chlorination experiments with fow grade ore repre- 
sent one phase of a more extended investigation on the 
extraction of radium from pitchblende ores to be sub 
mitted by Mrs. J. Ray Cable as a thesis in partial fulfil- 
ment of the requirements for the degree of Master of Arts. 
University of Missouri . — Metallurgical and Chtmical Rn - 
ginfiring, xviii., No. 9. 


AGRICULTURAL RECONSTRUCTION. 


The Selborne Report and what it Proposes. 

In August, 1916, a Sub-Committee of the Reconstruction 
Committee was appointed to consider and report upon the 
best methods of increasing home-grown food supplies in 
the interest of national security. The Chairman was the 
Earl of Selborne, and the members included Sir Charles 
Bathurst, Sir Ailwyn Fellowes, Sir Matthew Wallace, Sic 
Daniel Hall, Mr. R. E. Prothero, Mr. G. H. Roberts, Mr. 
E. G. Strutt, Mr. C. M. Douglas, Mr. W. J. Fitzherbert- 
Brockholes, Mr. W. A. Haviland, Mr. C. Bryner Jones, 
and Mr. G. G. Rea. Later, Sir Horace Piunkttt and Dr. 
Kelly (Lord Bishop of Ross) were added to the Committee, 
which in January, 1917, issued the first part of its Report, 
the members being unanimous as to its proposals, with the 
exception of Sir Matthew Wallace, who signed a Minority 
Report. 

The first Report, it may be remembered, recommended 
the establishment of Wages Boards and a minimum wage 
for agricultural labourers ; it also recommended that 
minimum prices for wheat and oats should be guaranteed, 
the payment being based on the difference between the 
price guaranteed and the average price for the year and on 
the number of quarters actually harvested. Further, the 
Committee recommended that the Board of Agriculture 
should be given certain powers to enforce the proper 
cultivation of land, and that the Government should take 
measures to encourage the growing of sugar-beet in this 
country and the home production of sugar. All these 
recommendations have since been embodied in legislation 
or in Orders issued from time to time. 

A Comprehensive Surviy. 

The second part of the Committee's Report, recom- 
mending definite reforms in agricultural administration 
and organisation, is now ready, and the whole Report has 
been published with an historical preface by Mr. Alexander 
Goddard, one of the Secretaries of the Committee. Prof. 
Biffen, Mr. W. C. Fielding, Mr. J. R. Cahill, Mr. John 
Ross, Sir H. Trustram Eve, Mr. T. H. Middleton, and 
others contribute appendices on different branches of the 
subject. The whole document forms a most comprehen- 
sive survey of British Agriculture and embodies a drastic 
policy of Agricultural Reconstruction. Sir Matthew 
Wallace has again found himself unable to sign the Com- 
mittee’s Report, and has written a dissenting memorandum 
explaining the points on which he differs from bis 
colleagues. 

In their conclusions, the Committee emphasise the fact 
that the problem has been approached not from the 
standpoint of the landowner or the farmer but “ exclusively 
in the national interest ” *, that the policy advocated most 
stand or fall as a whole ; that attempts to apply it piece- 
meal are doomed to failure— albeit development of the 
policy must be a gradual matter, extending over a long 
period of years. 

The three principles of a guaranteed price for wheat 
and oats, to secure stability of conditions for all who live 
from the land, a minimum wage to secure a fair share of 
the profits of agriculture to the labourer, and a power in 
reserve which the State may use to secure the greatest 
national advantage, are embodied in the Corn Production 
Act. That Act is temporary, but the three principles must 
be embodied in after-the-war legislation, contend the 


Committee, as the permanent basis for agricultural 
reconstruction. Unless they are so embodied, “ there can 
be no hope for tbe people of the United Kingdom, be- 
coming emancipated from dependence 09) supplies of food 
brought from overseas or of the increase of our rural 
population.” 

Taken alone, these three principles, however, will not 
suffice. Parts I. and II. of the Report “ are not separable." 
The measures they recommend are “ strictly interdependent 
and mutually essential parts of one policy. Without the 
aid of the measures recommended in Part II. the stability 
of the industry of agriculture and the authority of the 
State secured by Part 1 . can only produce partial results. 

Pood Growing and National Security . 

“We have been asked," says the Committee, “how 
great an increase of our home-grown food supply is neces- 
sary in tbe interests of national security, and how great an 
increase is possible. Our reply is that in any future crisis 
like tbe present war this country must be wholly indepen- 
dent of oversea supplies of coin, potatoes, or dairy pro- 
duce, and that it must be less dependent on overseas 
supplies of meat than it is now, and that, if the measures 
we recommend are continuously carried Out, the depen- 
dence of this country on overseas supplies of food will 
become continuously less during tbe yeats of peace, with 
tbe result that on the outbreak of war, and by carrying out 
tbe plans of the Board of Agriculture carefully matured in 
times of peace specifying the crops to be grown, the 
country would become self-sufficient in tbe foodstuffs 
named after the first subsequent harvest in respect of tbe 
cultivation for which these plans had been carried out. 
With sufficient land under the plough and in good heart 
this is a perfectly practicable policy. Without a sufficient 
increase of arable land it is not practicable. 

“To cover the interval before the first harvest it would 
be a wise completion of tbe policy of insurance to have s 
store of grain in national granaries. But it may be Urged, 
would it not be a better snd simpler plan to rely on 
national granaries altogether, and not to attempt the policy 
of the plough ? The answer is that it would cost more to 
establish national granaries to supply the United Kingdom 
during a three or four years' war than the policy we re- 
commend will cost, and that sole reliance on a granary 
policy would not only bring with it no increase of the rural 
population but a certain further diminution, resulting 
from the certain further conversion of millions of acres 
from arable to grass." 

Agriculture or Industry or Both ? 

A spirited counter-attack is made by tbe Committee 
upon the criticism with which the policy of Part I. of the 
Report was assailed when tbe Corn Production Act was 
under discussion. This criticism, which aimed at proving 
that our country is pre-eminently fitted for an industrial 
system and climatically unfitted for an agricultural 
system, and that agriculture can only be developed at the 
expense of British manufactures and tbe British mercantile 
marine, is commented upon . as follows : - “ It Wholly 
ignores the value to a nation of mixed rural and urban 
population. It denies any place to agriculture in the 
national life. It is based on supposed considerations of 
national wealth only. Carried to its logical conclusion, it 
would degrade the use of English land to the perpetual 
sport of tbe manufacturing rich, and to the occasional 
playground of the poor. 

“ And why stop there ? If it is right to keep the pro- 
duction of home-grown corn down to the lowest possible 
point in order that the mercantile marine may have the 
greatest possible number of wheat cargoea to bring home, 
why not reduce the production of home-hewn coal to the 
lowest possible point, and so open, up a vast new carrying 
trade for our shipping ? The fact is that tbe argument is 
as wholly unsound economically as it ia socially The 
great development of German agriculture , which has 
enabled the German Empire to sustain the war for three 
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ftars, exactly synchronised with the equally great develop- 
ment of German manufactures and of the German mercantile 
marine. It hat alto synchronised with an immense in* 
create of the German population and an almost complete 
cessation of German emigration. Why should our ex* 
perience be different ? 

M It would, indeed, be a deplorable dilemma if we had 
to choose between the prosperity of agriculture, manu- 
factures, and shipping, if their interests were in fact 
mutually antagonistic. But the exact contrary is the 
case. The greater the production of our soil the greater 
the home market for our manufactures, and the greater 
the demand for overseas goods which our country cannot 
supply. No one would suggest that a great addition to 
our national wealth in any other form than agricultural 
products, such as the discovery of great oil wells in the 
United Kingdom, could possibly in the result be bad for 
our national manufactures or our national trade and 
shipping. Why, therefore, should it be bad because the 
form which the increase in national wealth has taken has 
been the extraction from our native soil of a much 
greater bulk of foodstuffs than hitherto ? If the invest- 
ment by the nation in agriculture of the comparatively 
yw^ii sum we suggest results in the production in this 
country of i large proportion of that £200,000.000 (or a 
vastly larger sum at war prices) worth of foodstuffs 
annually imported before the war. will that be a bad com- 
mercial proposition for the nation ? ” 

Proposed Reforms . 

The Committee proposes that its policy should be 
carried out with a reorganisation of the agricultural 
administration of the country, which includes inter 
aUm the setting up of National Agricultural Councils in the 
four countries (delegates from which would meet annually), 
and of statutory County Agricultural Committees ; also 
the appointment of a Minister of Agriculture for Scotland. 

On the subject of agricultural Instruction and Research, 
the Committee recommends that responsibility for agri- 
cultural education should be removed from the County 
Councils and centralised in the Board of Agriculture ; that 
an improved ruralised curriculum for elementary and 
secondary schools should be laid down and better pros- 
pects provided for teachers; that demonstration farms 
•boa Id be established, a limited number of them to be 
Urge farms run on business lines, and that better oppor- 
tunities should be given for the agricultural education of 

W< To*promote agricultural organisation and co-operation, 
the Committee recommends that additional support from 
national funds should be given to existing societies. To 
provide credit for agriculture, they urge that the pro- 
cedure in respect of loans guaranteed by the Board of 
Agriculture should be cheapened and simplified, and that 
short term credit through co-operative trading societies 
and Farmers Central Trading Boards should be provided. 
Deposits in the Post Office Savings Bank, they consider, 
should be made available for use by the Central Trading 
Boards. 

Land for Small Holders. 

The Committee considers that pester facilities for 
p^trhstv should be given to sm ill-holders ; that the 
County Councils should be urged to prepare schemes at 
ouce for the provision of small holdings for ex soldiers 
aod sailors, both as tenants and as owners, and that the 
Treasury should remove the financial restrictions now 
placed upon the Councils. They think that the principle 
of wfthnf contained in Mr. Jesse Collinga’ Purchase of 
Laud Bill should be adopted, giving small holders a right 
of purchase, such as exists in Ireland. 

The Committee regards Village Reconstruction as an 
important part io the furtherance of its policy, and con- 
siders that the development of rural industries and the 
formation of women's institutes should be helped forward. 
To land more available for small-holders and for 

village reconstruction, they recommend legislation to 


stimulate tithe redemption. As to local taxation, they 
consider that the cost of national services should be mote 
equitably divided between local and national fonds. 

A number ot alterations of the Agricultural Holdings 
Act are recommended, especially in questions of com- 
pensation. Land reclamation and drainage, it is utged, 
should be dealt with in a thorough and comprehensive 
manner by legislation. Reclamation and drainage 
authorities for each of the three kingdoms should be 
established. Deer forests on lands suitable for agriculture 
and forestry should be used for these purposes, and a 
special survey should be made to ascertain what deer 
forests can be so used. The restoration of sheep farms 
should be gradually accomplished by the extension of 
existing stocks. The question of wintering stocks of store 
cattle in some of the forest areas should be thoroughly 
gone into. 

Weeds and Animal Pests . 

The Committee points out that no systematic attempt 
has yet been made in Great Britain to deal with animal 
pests such as rabbits, rats, and sparrows, or with plant 
weeds, and that we are behind some of the Dominions and 
some foreign countries in this respect. They recommend 
legislation to prohibit the sale of grass and clover seeds 
without a guarantee of purity, and to penalise negligent 
farmers who allow weeds to flourish. Similar action is 
recommended in the case of animal pests. Steps should 
be taken by urban authorities to pot down rats, which 
escape from the towns, especially sea ports, to the 
adjoining country areas. 

The Committee contends that British agriculture has 
suffered owing to the extraordinary diversity ot weights 
and measures applying in different parts of the country. 
Three systems of weights and measures have legal 
authority in the United Kingdom, and in addition there 
are local measures to be found in almost every county. 
The result is confusion, detrimental to the industry. Toe 
Committee recommends a uniform standard of weights 
and measures to come into force after a fixed period of 
transition. 

Rural Transport . 

Reorganisation of rural transport is regarded by the 
Committee as an essential feature of agricultural recon- 
struction, and the whole question is dealt with at some 
length in one of the appendices to the report. The Com- 
mittee recommends that farmers should be induced to act 
in co-operation to transport more of their materials and 
produce by water, and that a scheme should be prepared 
to apply discarded. Army motors for rural transport and 
other farm purposes. They also recommend an applica- 
tion of public funds to assist in the organisation of motor 
transport. Referring to existing anomalies in railway and 
other transport charges, the Committee express the view 
that to charge rates for foreign produce lower in propor- 
tion to the cost of the services rendered than the corre- 
sponding rates for home produce should be looked upon 
as preferential treatment, and that the Government sboold 
take the steps necessary to enforce the law as to undue 
preference. 

The report is available from H.M. Stationery Office, 
Imperial House, Kingsway. 


Catalogue of Scientific Books.— Messrs. Henry 
Sotheran and Co.. 140, Strand, W.C. 2, have recently 
issued a catalogue which is well worth the attention of 
scientific men and book buyers. It contains lists of the 
scientific portion of the library of the late Rt. Hon. Sir 
James Stirling, F.R.S., and selections from those of 
George Rennie, C.E., F.R S., and Samuel Roberts, 
F.R.S., and many bargains are to be found mentioned in 
its pages. The notes on the contents of important books 
and rare editions are useful and interesting, and sometimes 
refreshingly outspoken. The price of the catalogue is 
28 . 6d. 
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ORDER OF THE MINISTRY OF MUNITIONS. 

Gas Works. 

Thb Minitler of Munitions, in exercise of the powers 
conferred upon him by Regulation 8o of the Defence of 
the Realm Regulations, and of all other powers enabling 
him, hereby orders as follows : — 

1. This Order shall apply to all Gas Works throughout 
the United Kingdom, excepting only Gas Works which 
possess coal gas plants only and have no plant installed 
for scrubbing or washing their gas either with oil or 
with tar. 

2. As on and from July 1, 19x8, the manufacture and 
production of gas in ail gas works to which this Order 
applies shall be carried out in accordance with the general 
regulations set out in the schedule hereto, save and except 
only if and so far as such general regulations may in the 
case of any particular Gas Works be varied or superseded 
by any special directions or regulations given or made 
from time to time with regard to such Gas Works by or 
under the authority of the Minister of Munitions. 

3. This Order may be cited as the 44 Gas Works 
(Ministry of Monitions) Order, 1918/’ and the regulations 
set out in the schedule hereto as the “Gas Works 
(Ministry of Munitions) General Regulations, 1918." 

Note. — All applications with reference to this Order 
or under or with reference to the General Regulations set 
out in the schedule hereto should be addressed to the 
Ministry of Munitions, Department of Explosives Supply, 
Storey's Gate, S.W. 1, and marked 44 E. G. S.." 

General Regulations . 

1. Gas Works which have coal gas plants only shall 
work such plants so as to produce gas of a calorific power 
of as nearly as possible 500 B.Tb.U. gross, but not in any 
event less than that calorific value, before scrubbing as 
mentioned in Regulation 3 below. 

2. Gas Works which have both coal gas and water gas 
plants shall work such plants so as to produce a gas of 
the calorific value specified in Regulation 1 above. Gas 
of the required calorific value may be produced either by 
working the coal gas plant alone so as to produce a gas 
which (before scrubbing in the case of works having 
scrubbing facilities) is of the required calorific value, or by 
working the coal gas plant so as to produce gas of a higher 
calorific value, and subsequently mixing with the same 
such a quantity of uncarburetted water gas as, apart from 
any reduction in the calorific value of the coal gas pro- 
duced by scrubbing, would produce a mixed gas of the 
required calorific value. 

3. All Gas Works which have facilities for scrubbing 
their coal gas shall scrub the whole of the coal gas pro- 
duced at auch works to the fullest possible extent for the 
extraction of ammonia, toluol, and benzol. Scrubbing for 
toluol and benzol shall be effected with oil, at works where 
there is a benzol recovery plant, and, at other works, 
with tar. 

4. If at any time it is impossible for any Gas Works to 
•apply the full demands of its consumers for gas, whilst 
complying with the above regulations, notwithstanding 
that it is working its coal gas plant to its full capacity, 
then- 

fa) If such gas works has a water gas plant, the 
balance of its consumers' requirements shall be made 
by an admixture or further admixture of uncarburetted 
water gas, but so that the caloiific value of the mixed 
gas, as actually delivered to its consumers, shall be 
maintained as high as possible, with a minimum, under 
all circumstances, of 450 B.Th.U. gross. Should this 
be impossible without carburetting the water gas, the 
water gas shall be carburetted with gas oil so as to bring 
the mixed gas up to the minimum calorific value specified 
above, and such gas works shall take forthwith all 
possible steps for obtaining the gas oil required for the 
purpose. 


(b) If such gas works has no water gas plant, it must 
notify the Minister of Munitions forthwith of its inability 
to supply its consumers' full demands, reporting in 
detail ail the circumstances which render it impossible 
for it to do so, and must comply with anv instructions or 
directions which msy be given by or under the authority 
of the Minister of Munitions after consultation with the 
Board of Trade as to the steps to be taken by it in the 
circumstances. 

5. Excepting only as provided in Regulation 4 (a) above 
*no gas works shall in any circumstances use any gas oil for 
carburetting its water gas (whether before or after admix- 
ture with its coal gas) without the previous authority in 
writing of the Minister of Munitions or his duly authorised 
representative. 


RECONSTRUCTION IN INDUSTRY. 

Progress in the Formation of Whitley Council*. 

The formation of Joint Industrial Councils on the lines of 
the Whitley Report is steadily progressing. Councils in 
the Pottery and Building Industries are already at work, 
and during the present month the following newly formed 
Councils will hold their first meetings : — 

The Heavy Chemical Trade. 

Gold, Silver, and Allied Trades. 

The Rubber Industry. 

Mitch Manufacture. 

The Silk Industry. 

The dates of the Meetings have been fixed in the case 
of the Rubber Council which takes place on July 16, 
Gold, Silver, and Allied Trades Council on July 20, the 
Matches Industrial Council on July 30, and the Silk 
Industrial Council which takes place on either July 25 
or 30. 

In the following industries provisional Committees have 
already drafted Constitutions of proposed Industrial 
Councils which have been sent out to the various Associa- 
tions concerned for their approval : — 

Baking. 

Cable Making. 

Commercial Road Transport. 

Electrical Contracting. 

Furniture Making. 

Leather Goods and Belting. 

Vehicle Building. 

A Constitution for the Printing Industry has been 
drafted and will shortly be sent out for approval to the 
Associations concerned. When these constitutions have 
been approved the first meetings of the newly-formed 
Councils will be arranged with as little delay as possible. 

In the following industries preliminary conferences as 
to the formation of Industrial Councils have taken place 
and proposals to proceed with the drafting of Constitutions 
have been approved : — 

Bobbin Manufacture. 

Boot and Shoe Manufacture. 

Electricity Power and Supply. 

Roller Engraving. 

Woollen and Worsted Industry. 

In some twenty other Industries the question of the 
formation of Joint Industrial Councils is being given 
careful consideration, and in a number of cases proposals 
to summon joint conferences of Employers' Association 
representatives and Trade Union representatives have 
been approved. 

There are many of the Nation's industries of course in 
which the organisation on the side either of the employers 
or of the workers is not sufficiently representative at yet 
to admit of the formation of Joint Industrial Councils at 
once. In these industries the “Whitley Idea" is being 
carried out by the formation of temporary bodies which 
are termed Interim Industrial Reconstruction Committees, 
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rhey will deal with the many argent problems attached to 
the re-establishment of their representative industties on a 
peace basis, and in addition will improve the organisation 
of their trades whire it is at present unrepresentative. 
Later it is hoped they will be in a position to pass from 
their temporary nature and become full Joint Industrial 
Councils. (Towards the formation of these temporary 
bodice the Ministry of Reconstruction has already made 
considerable progress, and Committees have already been 
established in some twenty trades and industries. Fuller 
details of progress in this matter will be available shortly) . 


M Brevity , Frequence of Rhythm , and Amount of Reflex 
Serwoue Discharge as Indicated by Reflex Contraction 
By N. B. Dreyer and Prof. C. S. Sherrington, F.RS. 

A single momentary stimulus of moderate intensity, 
e,g, % a break-shock, even though not far above threshold 
value of stimulation, applied to the afferent nerve of a 
spinal reflex-centre, evokes from that centre not uncom- 
monly a repetitive series of volleys of motor impulses. 

It tends to do so more as the stimulus, within limits, is 
increased in intensity, but the state of the refl.x-centre at 
the time is also a decisive factor. 

The rhythm of repetition of volley discharges from the 
spinal reflex-centre was traced, by the ordinary mechanical 
method, to be of synchronous rate with that of stimulation 
of the afterent nerve, op to a frequence of 5 5 per sec., and 
by a mechanical resonance method up to a frequence of 
65 per sec. 

By a “ doubling frequency** method it was shown 
further that the frequence-rate of the reflex discharge has 
not reached its limit under a stimulation of 75 per sec., 
bat surpasses that degree, though by what amount the 
method cannot say. 

The maxima] mechanical power of a mus:le contracting 
under spinal reflex action is frequently as great as the 
maximal which can be evoked from it by direct faradisa- 
tion of the motor nerve itself. 


Ordinary Meeting , June 13, 1918. 

Sir J. J. Thomson, O.M., President, in the Chair. 

Papers were lead as follows : — 

“ Experiments oh the Effect of the Vibration of a 
Stretched Wire Forming Part of a Cloud Electric Circuit " 
By Admiral Sir Henry Jackson, G.C.B., F.R S. 

A large thermo-microphone consisting of a long loop of 
wire warmed by an electric current, subjected to vibration 
produced by sound waves, continued to respond to and 
record the effect of the vibration in suiuble receiving 
apparatus, after the electric battery had been cot out of 
its circuit, and when the wire was at the same temperature 
aa the air. This result of the wire’s vibration could not 
therefore be solely attributed to the wire being maintained 
at a different temperature to that of the surrounding air by 
an electric current in it. 

The response to the sound and other vibrations was 
generally recorded by means of an amplifier and telephones. 
Experiments were carried out to elucidate the cause of the 
phenomenon. 

The paper first deals with the types of wires tested and 
the precautions necessary to eliminate errots. Varying 


the angle of the wire with line of the earth’s magnetic 
force produced entirely negative results. Wires of various 
materials and of lengths up to 220 feet (the longest tested), 
stretched and subjected to forced vibrations, almost in- 
variably generate a current of electricity in the circuit of 
sufficient intensity to be audible in a suitable telephonic 
receiver, with or without an added E.M.F., in the circuit. 
The addition of a valve amplifier greatly increases the 
intensity ot the sound, and has enabled more complete 
conclusions to be drawn, as to the varying response of 
different wires and the form in which they are stretched, 
than would have been possible without such an instrument. 

The form in which the wires were stretched is described. 
It is shown that resonance plays an important part. No 
definite conclusions, however, can yet be drawn as to the 
quantitative effect orf altering tension or length of wires, 
or their dirplacement, on current generated, nor does the 
energy expended in producing vibration appear to be pro- 
portional to the effect produced, except resonance is 
present. 

•• Effect of Wind Pressure on the Pitch of Organ Piles," 
By a. Mallock, F.R.S. 

The fact that the pitch of an organ pipe is to some 
extent dependent on the pressure of the wind supply is 
well known, but no satisfactory explanation of this 
dependence has hitherto been offered. 

In the present note some experiments on the subject are 
described in which water instead of air waa used as the 
oscillating fluid. It is shown by photography that the 
lateral motion of the fluid jet or lamina which maintains 
the oscill«tion is always in the direction o! the oscillating 
flow, and also that the oscillation is not (or only very 
feebly) maintained unless the jet breaks up into eddies 
before sti iking the “ lip ** of the pipe. 

It is suggested that the rise of pitch which occurs when 
the jet velocity is increased depends on the jet acting as 
an injector. Part of the fluid belonging to the oscillating 
flow becomes involved in the eddies of the jet and is 
accelerated by energy drawn from this source, thus 
diminishing the amount of energy which would otherwise 
have to be taken from the oscillating system. 

In effect this action reduces the oscillating mass, and 
thereby increases the frequency. 

The results obtamed with the water oscillator are com- 
pared with Lord Rayleigh’s experiments on organ pipes, 
and it appears that the variation of frequency with the 
pressure of the fluid supply is similar in type in both cases. 

M The Diamagnetism of Hydrogen and the Value of the 
Magneton," By A. E. Oxley, D.Sc. 


PHYSICAL SOCIETY. 

Ordinary Meeting , June 14, 1918. 

Prof. C. H. Lees, F.R S., President, in the Chair. 

A discussion took place on “ The Teaching of Physics in 
Schools" 

Sir Oliver Lodge, who opened the discussion, said it 
was desirable that the ordinary man should know more 
about physics than was the cate at present. The teaching 
of science in school was a difficult matter. There were 
many methods, possibly many good methods, provided the 
essential enthusiasm for the subject was present. To 
teach the subject to scholars with a view to later speciali- 
sation was easier than to mske it part of a general 
education. You have to interest them in the subject, and 
avoid making it repulsive, covering a wide ground without 
too much detail. For children the synthetic method waa 
preferable to the analytic you must begin with 
principles and build up rather than start with the so-called 
'* common object ’* and analyse into principles. Most 
common objects involve too many principles and too 
much mathematics. Many teachers overdo the measure- 
ment of things. It is the things themselves that are 


PROCEEDINGS OF SOCIETIES- 

ROYAL SOCIETY. 

Ordinary Meeting , June 6, 1918. 

Sir J. J. Thomson, O.M., President, in the Chair. 

The following paper was read : — 
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really of interest to scholars. For the major. ty of children 
we must make science one of the Humanities. 

Prof. A. Gregory said that about thirty years ago the 
Association of Headmasters evolved a system of science 
teaching, the main feature of which was quantity rather 
than quality. This had been generally adopted, and the 
result was that the vast majority of boys on leaving 
school knew nothing beyond how to make a few more or 
less precise measurements of specific heat, &c., and are 
ignorant of the elements of such everyday things as 
electric bells. A laboratory course should be associated 
with descriptive lessons, which should be as independent 
of it as possible. Teachers should consider whether or 
not it is possible in association with a Society like this to 
formulate a course suitable for the needs of the ordinary 
boy and girl. 

Mr. C. L. Bryant said the importance of science in 
general education was that it inspired the search for truth 
based on evidence rather than on authority; and illustrated 
the laws of cause and effect. In his experience boys did 
not want to know the principles of science. They were 
interested in motors or steam-engines, but not in the 
details of steam pressure. He thought that they learnt 
more readily from the machine than from a study of 
principles. The worst fault in the teaching of science in 
schools was the neglect of mechanics. The traditional 
character of examinations greatly hampered teachers. 

Dr. T. J. Baker said that an important consideration in 
dealing with this question was that of age. The conditions 
of work at a university were so different from those at a 
school that a boy of sixteen must be very advanced 
indeed to profit by a university course. Boys up to 
eighteen were better at school. He circulated a syllabus 
of the maximum that should be expected from boys of 
eighteen who had been specialising for one to two years. 
He emphasised the difficulties due to the want of know- 
ledge of mechanics. 

Dr. F. W. Sanderson, in a telegram apologising for 
absence, suggested the appointment of a small committee 
to consider the matter. 

Mr. C. E. Ashford described the aims and procedure 
of the science teaching at the Royal Colleges of Osborne 
and Dartmouth. The course in physics begins with an 
unsystematic treatment of hydrostatics, and work begins 
at once in the laboratories and engineering workshops. 
The effect of the rapid alternation of theory and actual 
practice was favourable to both, not least in the case of 
young boys. Workshop practice makes demands on the 
recently acquired stock of knowledge, and stimulates in- 
terest in theoretical work. The comprehension of 
mechanical principles seemed to be a function of age ; the 
commencement of physics cannot wait for the attain- 
ment of that age, and many masters successfully attempt 
the early stages of physics without depending on 
mechanics. 

Mr. A. T. Simmons said that hitherto school courses of 
physics had been designed on the assumption that school 
work is only preliminary to a fuller university course. 
This, however, only applies to a small fraction of the 
pupils, and the teaching of physics in schools will only be 
rfbtisfactory when it is recognised that the course must be 
complete in itself. What should be decided therefore was 
what parts ot physics should be known by every educated 
citizen, and what steps should be taken to make it easy 
for the secondary school pupil to acquire this knowledge 
at school. He deprecated the common habit of beginning 
laboratory practice with dry-asdust measurements of 
length, areas, value of ir, &c., which Rickened the be- 
ginner. The use of the laboratory should begin where 
water and the balance are necessary. 

Prof. F. Womack said his outlook on the subject was 
probably somewhat narrower than that of the other 
speakers, as the students he had to deal with were men 
going in for medicine and women going in for teaching. 
They entered at seventeen and a-balf or eighteen years, 
and for some years he had taken statistics of the know. 


ledge which they possessed on entering. In the last few 
years 34 per cent had no knowledge whatever of physics. 
Classics appeared to predominate in the curriculum of 
most schools, and a boy who went in for science was 
regarded as of inferior intellect. Science should be treated 
from the physical side, and should not be handled by the 
mathematical master. He approved of Sir O. Lodge's 
suggestion that the study should be made as humanistic as 
possible. It would probably be a gain to avoid a cut and- 
dry syllabus in the early stages, leaving room tor the 
initiative and judgment of the teacher, 

Mr. J. Nicol said that science teaching of the best type 
should satisfy and stimulate the interest of the boy, when 
it would frequently create an interest in scientific progress, 
the pursuit of which will serve as an intellectual recreation 
through life. Too much time 19 spent on laboratory 
exercises, which yield definite numerical results, because 
of the ease of checking and assessing marks. Other parts 
of the subject, though equally important, tend to be 
neglected. There ought to be lectures of a general 
character illustrated by qualitative experiments and lantern 
slides showing the application of science to everyday life. 

Mr. E. Smith showed lantern slides of a design for a 
school laboratory suited for the rapid alternation of 
lecture and laboratory work, in order that short experi- 
ments may be interspersed with explanation and discussion. 

Mr. F. B. Stead thought that much of the alarming 
uniformity that had been mentioned by speakers was due 
to the influence of conditions, such as the general tradi- 
tions of teachers, examiners. &c., and last, but not least, 
to text-books. He agreed that the preliminary mensura- 
tion work should be done by the mathematics teacher. 
There was a tendency for measurements to be regarded as 
an end in themselves. It was more important that a boy 
should know that there were such things as specific heat 
and latent heat and their bearing on everyday pheno- 
mena, such as the tffect of sunshine on land, than that he 
should begin by measuring those quantities in the case of 
copper or ice. Attention had been directed to two methods 
of teaching — one deducing the principles from the 
machine, and the other explaining the machine from the 
principles. These in thecry were diametrically opposed, 
but he thought that in practice they would very frequently 
be found in combination to a greater or less extent. 

S r O. Lodge, in closing the discussion, said the main 
point of difference between his own views and those 
expressed by any of the speakers was whether the synthetic 
or analytical method wtre preferable. It was possible, as 
suggested by the last speaker, that the difference was not 
so great in practice as in theory, but he would neverthe- 
less expect any systematic course to begin with principles. 
It was no doubt the machine itself in which the pupil was 
interested, but the problem was how to get the principles 
out of the machine. 


CHEMICAL SOCIETY. 

Ordinary Meeting, yune 6, 1918. 

Prof. W. J. Pope, C.B.E., F.R.S., President, 
in the Chair. 

It was announced that the Society has lost, through 
death, the following Fellows : — Walter Augustus Hand- 
cock, Henry Tylston Hodgson, and Mulgrave Daniel 
Penney. 

Messrs. A. Geake, K. G. Liiwala, and R. Brightman 
were formally admitted as Fellows of the Chemical Society. 

Certificates for election were read for the first time in 
favour of Frank Bainbridge, Woodland View, West Road, 
Loftus-in-Cleveland ; Reginald Percy Leopold Britton, 
58, The Crescent, Wimbledon Park, S.W. 19 ; John 
Edwyn Davies, B.Sc., Taimawr, Swansea Road, Merthyr 
Tydvil ; Campbell Falconer, The Hall, Osbaldwick, Y« rk ; 
Bernard Arthur James Jeffs, 35B, Gladstone Avenue, 
Wood Green, N 22 ; Edwin Percy Keeble, Summer 
Lodge, Kenilworth ; Albert Victor Mountford, 38, 
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Gambling Road, St. Mirtin's, Christchurch, New ZealanJ ; 
Frederick Gerald Tryhorn, M.Sc., 45, Hall ville Road, 
Mossley Hill, Liverpool; Gerald Noel White, B.Sc., 15, 
West End Avenue, Pinner, Middlesex; John William 
Reginald Youll, “ Keswick," Kainslord Avenue, 
Chelmsford. 

Dr. Horace T. Brown then delivered his lecture, 
entitled 44 The Principles of Diffusion — their Analogies 
and Applications." 

A vote of thanks to Dr. Horace T. Brown for his 
lectore, proposed by Prof. P. F. Frankland and seconded 
by Prof. Farmer, was carried with acclamation. 


Ordinary Mi* ting, June 20, 1918. 

Mr. A. Chaston Chapman in the Chair. 

It .was stated that the following Fellows had died: — 
Thomas Parries and Alexander Milne. 

The following announcements were nude : — 

1. That a communication hid been received from the 
Committee of the van’t Huff Fund for the endowment oj 
research in pure and applied chemistry. (See p. 236). 

2. The Council have decided to Lsue the list of 
Fellows in the near future; it will not be circulated in the 
oaual manner, but may be procured by Fellows on applying 
to the Assistant Secretary. 

3. In view of the shortage of paper, the Council wish 
to emphasise the necessity of authors reducing as far as 
possible the length of scientific communications submitted 
to the Society. 

4. The Council have appointed a Committee, consisting 
of the following, Messrs. W. R. Bousfield, A. G. Green, 
C. A. Hill, G. T. Morgan, A. Scott, and W. P. Wynne, and 
the Officers, namely, Messrs. W. J. Pope, M. O. Forster, S. 
Smiles, J. C. Phiiip, and A. W. Crossley, to consider the 
revision of the by-laws. Opportunity will be afforded to 
Fellows for bringing forward suggestions on the matter. 

Certificates of candidates for election were read for the 
first time in favour of Claud Diamond, B.S:., 17, 
Moresby Road, Upper Clapton, E. 5 ; John Edward 
Doodson, Smithy Bridge, Rochdale ; John Robert Douglas, 

A. R C.S.I., West field, Siltcoats, B.O., Ayrshire ; 
Laurence Francis Le Brocq, B.Sc., 44 Akcnder,” Guildford 
Road. South Facnborougb, Hants ; Donald Neil McArthur, 

B. Sc-, 28, Grafton Street, Glasgow; George Frederick 
R ibertsbaw, Mornay, Kearsley Road, Higher Crumpsall, 
Manchester; Eric Sinktn-von. 14A, Albert Bridge Road, 

S.W. xi ; Thomas Rtnck Stop’ord, M Sc., 44 Woodbank," 
Macclesfield. 

Certificates for election have been authorised by the 
Council for presentation to ballot under By law I. (3) in 
favour of James Garfield Anderson, M.Sc., Southland 
Boys* Hign School, Invercargill, New Zealand; Joan 
Pcdige Charles Chandrasena, B Sc., Technical Schools, 
Colombo, Ceylon. 

Messrs. F. H. Lowe and J. Reilly were elected 
Scrutators, and a ballot for the election of Fellows was 
held. The following were subsequently declared duly 
elected as Fellows: — Wiliam Blird; George Henry 
R >wland Barham; J iseph Gauld Bearn, M S:. ; Josi-ph 
Wil iam Bell ; G-orge Rowland B Lover : H nr- Aldous 
Bromley ; Albert Eric Cashmore ; R »land I.- Erg Townley 
Clarkson; John Wiliam Cobb ; Hubert WI tain Dailey; 
Thomas William Derrington ; George Wdiiatn Danger ; 
Arthur Bnughton Edge; Stanley Elliott, B.Sc. ; Robert 
Eltiaon ; Francis William Fitzgerald ; S dney Fieminger ; 
Frank Scott Fowweather, M.Sc. ; Stanley Joseph Gteen, 
B A. ; Nalini Mohan Gupta, M.Sc. ; Ernst Johannes 
Hartung, M.Sc.; Fred Hene.-ey, B.S:.; Jjhn Bright 
Hoblyn ; John Laurence Pitchfo.-th Ho li igworth ; J mui 
Henrv Lindfield ; Ben Lockspe ser, M A. ; Francis John 
McConnell; Alfred Zygmunt Moltcni ; Edgar Ncwbety, 
D S:. ; Edward Churton Powtfl ; Madyar Gopal Riu, 
M.A. ; Bertram Leonard Read, B.Sc. ; Runar Ivar Otsson 
Setter Alan Spaady; Louis Stott ; John Thomas, B.A., 


D.Sc. ; John Turnbull; Richard Henry Vernon, Ph.D. ; 
Hubert Chailes Siegfried de Whalley ; William Whyte; 
Samuel Walter Woolley. 

The following papers were read : — 

44 The Equilibrium Isotherm ot Association in Organic 
Solutions the Solvent of which is Unassociated as Pure 
Liquid." By W. R. Inner. 

“ Diazoimides of Nitro- and 2 : 6 Dichloro/phenylene- 
diamine.” By 6. T. Morgan and D. A. Cleagb. 


NOTICES OF BOOKS 

Helvetica Chimica Acta . Basel and Geneve: Georg 

and Co. 

Nowadays, when the ardent proaecution of pure research 
for the purpose ot the advancement of natural knowledge 
is at a low ebb in all combatant countriet, the appearance 
ot the fiist number of Helvetica Chimica Ac/a t the official 
organ ot the Swiss Chemical Society, is certain of a 
heaity wtlcome on the part of British chemists. It is true 
that the multiplication of chemical journals which has 
been pronounced during the past thirty years or so has 
been looked upon askance in many quarters ; but when 
the large output of research in borderland subjects, in bio- 
chemistry, for instance, is borne in mind, it will be pretty 
generally admitted that these new journals have, on the 
whole, thoroughly justified their inception. Whether this 
be the esse or not, the recent decision of the Chemical 
Society of Switzerland to found a journal of its own is 
readily understood. The President, Prof. Guye, makes 
it clear in his preface to the new journal that the demand 
for a separate organ of this kind was imperative. The 
demand was indeed a national one. It was unanimously 
adopted at a general meeting of the Society held in 
Zurich in September, 1917, and is an index of the spirit 
of independence which is so characteristic of the Swiss 
character. 

One wonders why this advance has been delayed for so 
long, and that Swiss chemists have for so many years 
been content to publish much of their best work in the 
columns of foreign periodicsls. Tbit anomaly now 
terminates, let us trust for all time. 

The new journal will contain papers published in 
French, German, cr Italian, and the intention is that it 
will give an account of the contributions to chemical re- 
search made by Swiss chemists resident either at home or 
abroad. The amount of research emanating from the 
universities and the technical high schools of Switzerland 
is large and greatly to the credit- of these institutions ; 
before 1914 no less than about 380 separate publications on 
chemical topics were made annually, and many of these 
were of supreme interest. The Publication Committee of 
the nftw journal is a particularly strong ode, and inspire! 
confidence, consisting as it does of six chemists who com- 
mand respect as investigators, namely, Guye and Pictet 
(from Geneva), Fichter and Rupe (from BA!e), and Boss- 
hard and Weiner (from Zurich). The interests of the 
journal will assuredly be safe in the hands of these men. 

It is proposed that, as a start, from six to eight numbers 
be published annually. The opening papers set a high 
standard. In the piper by Werner, entitled 41 Ueber eine 
neue Isomerieart bei Kobaltverbindungen und Verbin* 
dungen mit Asymmetrischem Kobalt und Kohlenstott," we 
are presented with a notable contribution to our know- 
ledge of cobalt compounds displaying molecular asym- 
metry, a field w’hich Werner has recently originated and 
developed with such remarkable ingenuity. Then comes 
an important study of Guye and Schneider, ** Reduction 
des Ow des d’Azote en Ammoniaque ; Stabibtd du Bicxyde 
d f Azote," which wiil demand the close attention of all 
chemists who are interested in the conversion of atmo- 
spheric nitrogen into ammon a Other papers are r 
44 Ueber das Vorkoremen von Selenwasserstott im Regen 
und im Schnee," by Th. Gassmsnn ; 44 Ueber Nitroso- 
pentamrainkobaltisalxe," by A. Warner and P. Karrer ; 
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14 Zdr Konsliloiion der inneren Metsllkomplexsalze,” by 
A. Werner and Soph. Matissen ; “ Determination de la 
Tension Superficielle et de la Density Critique de 
rAmrooniaqae,” by A. Berthoud ; “Sur la Distillation de 
U Cellulose et de l’Araidon sous Pression reduite,” by A. 
Pictet and J. Sarasin. 

Very gratifying is the announcement made by Prof. 
Guye that the creation of Helvetica Chimica Acta has 
been rendered possible by the generous liberality of the 
Swiss chemical industry. No fewer than twenty-two of 
the leading Swiss firms have subscribed the total capital 
necessary to guarantee the success of the new under- 
taking. With this strong financial backing the future of 
the journal is assured. The hope may be expressed here 
that this wise policy on the part of Swiss industrial con- 
cerns will not escape the notice of the wealthy chemical 
manufacturers of this country. The Chemical Society, 
which is the mother of all chemical societies, has never in 
the course of its long history received support such as 
the above. 

The price (to non-members) is 25 frs. per annum. 

MANCHESTER MUNICIPAL 

COLLEGE OF TECHNOLOGY 

(UNIVERSITY OF MANCHESTER) 

Principal : J. C. M. Garnett, M.A. (late Fellow Trin. Coll , Cam.) I 
Vice- Principal : E. M. Wrong, M.A. (Fellow Magdalen Coll , OxFd). 

The Session 1918-1919 will open on 3rd October. Matriculatiou and 
Entrance Examinations will be held in July and September. Matricu- 
lated students may enrol for 1918-19 from 1st August, 1918, and if under 
18 years of age are eligible for membership of the Officers’ Training 
Corps. 

Degree Courses in Technology 

The Prospectus gives particulars of the courses leading to the Man- 
chester University degrees (B.Sc. Tech, and M.Sc. Tech.) in the 
Faculty of Technology, in the following Departments 
THB CHEMICAL INDUSTRIES (including General 
Chemical Technology, Bleaching, Dyeing and Dyestuff Manufac 
turn, Printing, Papermaking, Fermentation Industries, Metal- 
lurgy, Fuels). 

MECHANICAL ENGINEERING. 

ELECTRICAL ENGINEERING. 

SANITARY ENGINEEEING (including Municipal En- 
gineering) 

TEXTILE INDUSTRIES. MINING. ARCHITECTURE. 
PRINTING AND PHOTOGRAPHIC TECHNOLOGY. 

Advanced Study and Research 

TJe College possesses extensive laboratories and workshops, equipped 
with full-sixed modern apparatus, including machines specially con- 
structed for demonstration and original research. 

PROSPECTUS OF UNIVERSITY COURSES OR OF 
__ PART T IME COURSE S SENT FREE ON APPLICATION. 

m nr a . w 

F. WIGGINS & BOMS, 102/3/4, Minories, London, E. 

MICA MERCHANTS, 

4anufaoturers of Mica Goods for Bloetrieal and ALL purposes. 

Contractors to Hu Majesty's Government. 


SCIENTIFIC BOOKS. 


VT essrs. W. HEFFER and SONS, Ltd., 

AVJ * Booksellers, CAMBRIDGE, will be glad to re- 
ceive offers of secondhand Books and Journals, for which 
they are prepared to offer full market price and pay cash. 
Particularly complete sets or long runs of the following : — 

CHEMICAL NEWS. 

CHEMICAL SOCIETY'S JOURNAL, &c„ &c. 

They will also be glad to have enquiries for both New 
and Secondhand Books, of which they carry an immense 
stock. 

Licensed Valuers for Probate. 

Telegrams and Cables: Telephone: 

Hbffbr, Cambridge. 862 (two lines). 


'J'O comply with Regulation 8 (b) of the Defence ot the Realm 
Act, advertisements from firms whose business 
wholly or mainly in Engineering, Shipbuilding, or the production 
of Munition! of War, or of substances required for the production 
thereof, must include the words M No person resident more than 
ten miles away or already engaged on Government work will be 
engaged." 


ANALYTICAL CHEMISTS. — Assistants 

f , required, over 23 or ineligible for Army. Experienced Analysts. 
Steel works experience preferred, but not essential. No person already 
engaged on Government work will be engaged. — Apply your nearest 
Employment Exchange, quoting reference No. A 5611. 


Ohemists, Men or Women, with University 

, training, wanted by Messrs. Curtis’s and Harvey, Ltd., for one 
of their Explosives Factories.— Reply, Box 714, care of Leathwait and 
Simmons, 5, Birchin Lane, E.C. 3. 


Jh ssentiai uu Lnemist required for Western 

Australia. Agreement two years, renewable five if satisfactory. 
Second-class single passage paid. Salary £300 year, with £50 yearly 
increments.— Address, “Essential,” Chemical News Office, 16. New- 
cgstle Street, Farringdon Street, London, E.C. 4. 


Cecretary (age 28 to 40) required by a large 

Chemical Manufacturing Company heavily engaged in War 
work. High-clasa Secretarial and Accountancy training, experience, 
and qualifications essential. Must be well up in Company Law and 
War Legislation as a ffectirg industrial companies. Previous experi- 
ence in Chemical trade highly advantageous. Remuneration will cor- 
respond to the above high standard of requirement. A substantial and 
permanent Position is open to a suitable man. No one already 
engaged on Government work or living more than ten miles away need 
apply.— Write, Box 87, Willing’s, 123, Strand, W.C. a. 


’"Phird Chemical Assistant wanted in Analytical 

w ^ Laboratory. Mostly Brewing work. Wages £150.— Address. 
M., Chemical News Office, 16, Newcastle Street, Farringdon Street, 
London, E.C. 4. 


\A^anted, Metallurgical Chemist capable of 

7 . taking control of 30 cwt. ” Heroult ” Electric Furnace working 

OU high-class Steels. — A nnliranta must mtatn , 

wages expect 
quoting No. J 


7.“"r nciuuii Electric rurnace working 

on high-class Steels —Applicants must state age, experience, and 
wages expected, and apply to their nearest Employment Exchange, 
quoting No. A 5610. No person already on Government work will be 
engaged. 


\A^orks Analytical Chemist required. One 

a conversant with Soap Manufacture, Nicotine Extractions, and 
Agricultural and Horticultural Preparations. State full particular! 
and salary required.— Address, W. A, Chemical News Office, 16, 
Newcastle Street, Farringdon Street, London, E.C. 4. 


W anted > OSTWALD THERMOSTAT, as 

R 1407 Griffin s List, page 198. — Reply, with price, to I 
Preston, 105, Barker’s Pool, Sheffield. P •** 


CHEMICAL AND SCIENTIFIC APPABATOS TRADE. 


( • entieman with thorough knowledge of same 

Vi rc< J uircs Situation. Army discharged. Able to take lull charge 

N.?t C 5 * rtraC n t i f i req w red u“ S 5 *^ fu " P articul * rs to “ Advertiser, ”19, 
East Vievy, Dudley, Northumberland. y 


SPECIAL NEW CATALOGUES 

WAR ECONOMY (Agriculture, Husbandry. 
Gardening, Economic Botany, eto.). 
BOTANICAL (General and Geographical). 
Twopence each, post free . 


JOHN WHELDON A CO., 

38, Great Queen Street, Kingsway, London, W.C. 3. 
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8PECIAL NOTICE TO SUBSCRIBERS. 

We regret to announce that the recent paper 
restrictions will compel us for a period, until we 
can secure our usual supply of paper, to publish the 
Chemical News fortnightly instead of weekly. 

The price will not be altered, except as regar L 
the subscription price, which, until further not.ee, 
will be calculated at £i for fifty-two numbers, or 
pro rata. 

Subscribers will please note that the respective 
expiration dates of their subscriptions will be 
extended accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their extended 
subscription periods. 

The next issue (No. 3054) will be published on 
August 16 th. 


NOTE ON NITROGEN CHLORIDE, 

WITH A CONVENIENT METHOD EOR ITS 
PREPARATION. 

By HASHMAT RAI. 

Several method* for the preparation of nitrogen chloride 
are to be found in the literature. Tnis dangerous sub 
•Lance was discovered by Dulong in i8ii, and he obtained 
it by the action of chlorine on a saturated solution of 
ammonium chloride (Schweigg. Journ ibix, viii., 302; 
Atm. Ckim ., 1813, lxxxvi., 37). 

Balard (Ann. Ckim. Phys ., 1831, [a], lvii., 225) showed 
that oiirogcn chloride is tormed when s solution of 
bypochlorous acid is brought into contact with ammonia 
or ammonium salts. 

3HCIO + NH, -> NC! 3 + 3H 2 0, 

3HQO + NH4CI -> NCI 3 f 3H4O+HCI 

(Scliwanoff, Ber., 1894, xxvii., 1012). 

Kolbe found that on passing an electric current through 
s concentrated solution of ammonium chloride hydrogen 
was evolved at the negative, but neither oxygen nor 
chlorine at the positive pole {Journ . Prakt. Chem ., 1847. 
xK., 137; Memoirs Chem. Sot., 1846, iii., 285). The 
surface of the platinum plate representing the positive 
pole was, however, covered with small yellowish oily 
drops of nitrogen chloride. It was shown that the most 
favourable conditions for the formation of nitrogen 
chloride by this method are low temperature, high con- 
centration of the electrolyte, absence of light, high anodic 
current density, and the separation of the anode and 
cathode by meant of a suitable diaphragm. 

Hentscbel’s modification ( Ber. t 1897, xxx., 1434, 1792) 
of Balard’s method of preparing nitrogen chloride con- 
sated in mixing eolations of ammonium chloride and 
•odium hypochlorite and extracting the product with 
beozenc,— 

aNH 4 CI + 7 NaOCI -> NCl 3 +6NaCl + NaN 0 3 + 4 H a O. 


Attempts to substitute bleaching powder for sodium 
hypochlorite were unsuccessful owing to the liberation of 
gas from the solution. Hentschel overcame the difficulty 
by adding hydrochloric acid, which prevented evolution of 
gas (Ber., 1897, xxx., 2642). He was thus able to prepare 
a 10 per cent solution of nitrogen chloride in bensene. 

Noyes and Lyon (Journ . Am. Chem. Soc., 1901, xxiii., 
460) observed that nitrogen chloride is produced by the 
action of chlorine on ammonia, provider! a solution con- 
taining 0 5 per cent of ammonia is used in such amount 
as to leave the solution faintly acid : — 

iaNH 3 + 6Cl a -> Na + NCl 3 +9NH 4 Cl. 

It has now been found that by working in the cold at 
about o° C. nitrogen chloride can readily be prepared by 
the action of bleaching powder solution on a saturated 
solution of ammonium chloride, without the use of any 
hydrochloric acid or a solvent such as benzene. As only 
the simplest apparatus is required this affords a ready and 
convenient method for the safe preparation of nitrogen 
chloride and the demonstration of its explosive properties 
(R. Bottgcr, Ctum. Centr ., 1873. P- 5*3 *• V. Meyer, Ber. % 
1888, xxi., 26 ; Hofer, Chem. Zeit., 1896, xx , 470). 

The reaction is carried out in a Urge test-tube sur- 
rounded by powdered ice contained in a suitable vessel. 
This is covered by a wooden box, bottom uppermost, the 
te>t tube projecting about half an inch through a hole 
bored in the bottom of the box. 

Into the test-tube are poured about 10 cc. of a freshly 
prepared and filtered concentrated solution of bleaching 
powder. When this has cooled down to about o° C. an 
equal volume of cold saturated ammonium chloride solu- 
tion is added. A vigorous action takes* place. After ten 
minutes, when the action has subsided, the nitrogen 
chloride may be exploded by the addition of a few drops 
of oil of turpentine. As a precaution this addition, at also 
the original addition of ammonium chloride, can be made 
from a test-tube fixed at right angles to a long stick. On 
adding the turpentine the nitrogen chloride at the surface 
explodes instantaneously while that at the bottom after 
some time, the bottom explosion being far more violent in 
character than the surface one. The interval between the 
two explosions depends on various factors, such as the 
height of the liquid column, the amount of turpentine 
added, the nature of the surface explosion, and the 
amount of nitrogen chloride present. The apparatus em- 
ployed must be scrupulously clean and absolutely free from 
grease, and direct sunlight should be entirely excluded, 
otherwise there is a likelihood of the nitrogen chloride 
exploding without warning. 

From the above method of preparation of nitrogen 
chloride at a low temperature with bleaching powder it 
seems probable that Cross and Bevan ( Proc . Chem. Soc. t 
1890, vi., 22) were dealing with a chlorinated derivative 
of ammonia as suggested by Armstrong in the discussion 
of their paper on " Ammonium Hypochlorite." 

Government College, Labor*. 


SULPHIDE PRECIPITATION OF GROUP 
2(a) METALS. 

By JOSEPH SH1BKO. 

The metals constituting this group are Cu, Cd, Pb, Hg, Sm, 
and Bi, and are precipitated from slightly acid solution by 
ammonium sulphide or hydrogen sulphide gas or a solu- 
tion of the gas in water. 

By using ammonium sulphide the result wet always 
found to be slightly higher for copper in a brass or bronze 
than when hydrogen sulphide was used for precipitation, 
even when the tin and lead bad been previously removed, 
the solution being slightly acid and the reagent being 
carefully added. 
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An investigation of the matter subsequently proved the 
presence of small quantities of zinc, which had evidently 
been brought down with the copper. 

In a solution which is distinctly acid the sulphides of 
these metals are somewhat soluble, and in addition any 
excess of ammonium sulphide would be decomposed and 
ammonia evolved, which would precipitate part or all of 
the zinc. In dilute acid solutions this is also evidently 
the case. 

Since this is so, ammonium sulphide is not to be recom- 
mended for the precipitation of copper (or any of the 
metals of this group) in the presence of zinc. 

An analysis of a 60 : 40 brass gave the following results 
after tin and lead bad been previously removed 

With HjS. With (ammonium) sulphide. 

Cu, 59 86 per cent 60*12 per cent 

Zn (in Cu precipitate), nil 0*25 per cent 

It is therefore evident that, even with great care and 
slightly acid solutions, some zinc is precipitated by am- 
monium sulphide when this reagent is used as a pre- 
cipitating agent for this group, and is not therefore to be 
recommended. The addition of ammonium chloride at 
this stage may be dispensed with. 


THE FRUIT OF THE RED BEARBERRY. 

By VERNON C. SHIPPEE and ARTHUR FOGDE. 

The fruit for this study, Arctostaphylos uva-ursi , Red 
Bearberry, sometimes called Kinnikinic, was gathered at 
Victor, Montana, in the summer of 1917. As the name 
implies, it is red in colour, round or nearly so, and when 
dried each berry averages about 0*15 of a grm. in weight. 
In the centre of each is a small nutlet. The fruits are 
readily crushed and burn to a white ash. 

Thi NitrogiH. 

The nitrogen was determined by the Kjeldahl-Gunning 
method. The amount was found to be 0 64 per cent. If 
all the nitrogen exists in the form of proteids it corre- 
sponds to 4 per cent of protein. 

Tht Sugars . 

The sugars wete first extracted with alcohol and then 
with water, using the Maxwell apparatus (Chemical 
News, 1918, cxvii., 122). The solution from the alcoholic 
extraction was of a deep red colour. Upon cooling it left 
a sediment in the bottom, which dissolved on beating. 
The alcohol removed the greater part of the colouring 
matter, as the water extract was much lighter. 

The attempt was made to get pure sugar crystals by 
boiling the alcoholic solution with bone-black in a flask 
for several weeks with an upright condenser. 

The solution at first became perceptibly lighter in colour, 
but as the days went by the effect was less marked. By 
continuing the process sufficiently long it is probable that 
all the colour would disappear. 

When the alcohol and water extracts are mixed a heavy 
precipitate, resembling ferric oxide, separates out. It 
would redissolve on boiling the solution. 

The sugars were titrated with Febling’s solution of such 
strength that 1 cc. of the solution corresponded to 0*005 
grm. of sugar. (1) The alcohol and water solutions 
mixed were thus tested. (2) The sugar solutions were 
boiled for some time with hydrochloric acid to invert any 
sucrose that might be present. (3) The sugar in the 
alcohol extract alone was tested. 

The results obtained were, respectively, 21 per cent, 
21*375 per cent, and 20*25 P« cent. The results indicate 
the presence of a small amount of sucrose, and that most 
of the sugar is extracted by the alcohol. 


Formation oj Matter. 

To determine the kind of sugar we took 4 cc. of a 5 per 
cent solution and added the proper amount of phenyl- 
hydrazine hydrochloride and sodium acetate, and heated 
in a bath of boiling water, with constant stirring. In 
numerous trials the osazone crystals formed in less than 
one and a half minutes, pointing to fructose, with the 
possible presence of a small quantity of sucrose, which 
seems to have a tendency to hasten the reaction. 

Tk$ Gums . 

The dried berries from the sugar extraction were placed 
in a 250 cc. flask fitted with an inverted condenser, and 
treated for about a month with ether, fresh portions of 
which were added each day. After removing the ether by 
evaporation a dark gummy substance remained, but no 
oil could be detected. Upon the addition of water a 
heavy dark precipitate was thrown down. This was not 
only soluble in ether but also in alcohol. 

Th$ Ash . 

Three portions of the fruit were ashed in a small 
platinum dish and the following substances were 
determined : — 


SiOj Trace 

FeaOj o'oo 

AI2O3 .. .. .. 0 00 

CaO 23* xo per cent of the ash 

MgO • . . . • • 4*98 »j M 

Pa03 •• •• «• 14 94 »* »» 

KaO 9*37 „ „ 

Na a O 9*03 „ „ 


Between 2 and 3 grms. of the fruit were taken each 
time, and the average of the fairly concordant results was 
2*9 per cent of ash. 

Cornell College, Iowa, U.S.A., June 15, 1918. 


THEORY OF THE STRUCTURAL FORMATION 
OF MATTER. 

By E. R. JONES. 

It is a fact well known that all material objects are made 
up of two constituents, known as “ matter ” and “form.” 
The first of these is now believed to be “ materia prima 99 
or 11 protyle,” and to be identical in all the elements. Tbo 
second is the u form,” which makes each element differ 
from all the others. 

All elements are made up of molecules, which themselves 
are made up of atoms ; the molecule being defined as the 
smallest part of a substance which can exist by itself and 
possess all the properties of that substance, and the atom 
as the smallest part of an element which can take part in 
a chemical change. 

But these atoms are not indivisible as was formerly 
supposed, but are themselves made up of electrons, the 
number of which to each atom differs specifically for each 
element. 

The electron is a particle the mass of which is about 
one eight-hundredth of that of an atom of hydrogen, 
associated with a charge of negative electricity. Tbo 
combination of the requisite specific number of electrons 
results in tbe formation of an atom. 

Now, to enable tbe electrons to combine, a force must 
be present which will overcome or balance the charge of 
negative electricity ; hence an atmosphere or shell ot 
positive electricity is necessary for tbe formation of an 
atom to occur. And in the atom itself when formed the 
negative and positive charges of electricity nullify each 
other, and therefore, although tbe atom contains electricity, 
it is said to exist in it in a “ neutral ” state. 

Taking, then, the atom as being made up of electrons, 
it follows that tbe electron is always made up of “ materia 
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prim* ” — as to iu “ matter,” and electricity— its " form.** 
And these two ere probably inseparable. 

Recent researches into the phenomena of radium and 
radio-activity show that the atom possesses a definite 
structure, and may. under certain circumstances, undergo 
disintegration into its constituent electrons, as illustrated in 
the emanations emitted from radium. 

The latter, according to Prof. Ramsay, gives out niton 
as its emanation, which, if preserved for a month in a 
sealed tube, becomes converted into helium. This we can 
partly understand if we considei that “ materia prima ” is 
the matter in radium, niton, and helium, and that the 
electricity, which is neutral, exists in each as its " form, H 
the difference between the three elements being merely 
the number of electrons present to the atom of each. The 
combination of an atom— or group of atoms known as a 
radical — when associated with a charge of active 
electricity is called an ion, and the ionic theory and its 
notation explains several chemical phenomena, such as 
the electrolysis of a salt. A solution of sodium chi: ride 
immediately becomes partially ionised, and upon the im- 
mersion of the electrodes the sodion and chlorion seek 
their respective poles, and an atom appears — since the 
electricity is discharged and appears as a ''current” of 
electricity if a metallic connection is maintained between 
the two electrons. The above appears to be the only 
theory which explains the transmutation of elements 
occurring in connection with the radium emanation, and 
its probability appears self evident. 


If now the footwarmer is given a shake it quickl v becomes 
almost as hot as at first, owing to sudden solidification of 
the ammonium salt. 

Gay Institute, 

Port Elixsbetb, S. Airies. 


ADDITIVE FACTORS FOR THE CALCULATION 
OF FAT IN MILK FROM SPECIFIC GRAVITY 
AND TOTAL SOLIDS.* 

By LESLIE J. HARRIS. 

The various errors associated with a centrifugal estimation 
of fat in milk are reviewed. The author finds that by 
arbitrarily limiting the time of drying of the total solids 
and calculating the fat by the formula — 


a result is obtained agreeing very closely with an exact 
gravimetric determination of fat by the Werner- Schmidt 
method (within 0*1 per ceot). To facilitate rapid calcula- 
tion a table is given whereby the fat is calculated by 
simple addition of two "factors” corresponding to any 
given values of specific gravity and total solids. 


NOTES ON SOME SIMPLE EXPERIMENTS. 

By E. G. BRYANT, B.Sc., P C S. 

No claim for originality is made for the following experi- 
ments, though the first two are not described in any book 
that I am acquainted with. 

1. Solubility of Calcium Carbonate.— Ctuth a little 
marble or Iceland spar to a fine powder. Shake a portion 
up with freshly boiled distilled water for two or three 
minutes, filter, and then test the liquid with soap solu- 
tion. It will be found practically as soft as at first. Sus- 
pend a further lot of the powder in water, and bubble 
carhou dioxide through for a minute or so. On testing 
the water it will now be found quite hard. 

a. Heat Developed by Rusting Iron.— Damp a quantity 
of iron filiogs and pack them in a cardboard or paper 
cylinder surrounded by cotton-wool. A small calorimeter 
would probably answer quite well. Place a thermometer 
with its bulb in among the filings and cover the whole up 
with cotton-wool. After half- an -hour or so the thermo- 
meter will have risen distinctly ; the maximum rise I 
have observed is 8° in an hour or an hour and a-half. 

3. Absorption oj Ammonia by Charcoal. — Boil a little 
0*880 ammonia in a test-tube (boiling tube) fitted with 
cork and short delivery tube. Fill a second test-tube with 
ammonia gas by upward displacement and then insert it 
in a basin of mercury. Heat a small lump of charcoal in 
tbs gas flame and quickly push it under the mercury and 
into the tubs. The resulting absorption is quite good, 
and the method is far speedier than by preparing pure dry 
ammonia gas and collecting it over mercury. 

4. Heat of Crystallisation.— The sodden crystallisation 
of sodium sulphate in supersaturated solution is, of course, 
wen known, but the experiment shows equally well the 
boat developed on crystallisation. If a thermometer is 
placed in the newly formed mass of crystals it will show 
a rise of to? or more. A good illustration of super- 
sntaration (or supercooling) is furnished by the ordinary 
railway footwarmer (at any rate in Sooth Africa). These 
are filled with a strong solution of ammonium acetate, or 
it may be melted ammonium acetate that they contain 
w hen heated. If the article is allowed to become quite 
oold while undisturbed the contents remain perfectly liquid. 


THE GRAVIMETRIC AND VOLUMETRIC 
DETERMINATION OF FLUORINE PRECIPITATED 
AS THORIUM FLUORIDE. 

By F. A. GOOCH and MATSUSUKE KOBAYASHI. 

Thb work of which an account is here given is the result 
of an attempt to base a volumetric method for the deter- 
mination of fluorine upon the recent method of Pisani 
{Comptes Rtndus , 1916, clxii., 791) for the gravimetric 
determination of that element by precipitation as hydrous 
thorium fluoride and the conversion of the last to thorium 
oxide by ignition. Incidentally it became necessary to 
modify somewhat the procedure of Pisani when applied 
either gravimetrically or as preliminary step in the volu- 
metric determination of fluorine. 

According to the procedure of Pisani, thorium nitrate is 
added gradually in limited amounts to the solution of an 
alkali fluoride slightly acidulated with acetic acid, or even 
with nitric acid, and the heavy gelatinous precipitate 
allowed to settle after every small partial precipitation 
before the addition of more of the precipitant. When the 
precipitate is considerable enough water must be added to 
permit the decanting of a large portion of the clear liquid 
into a conical vessel for further treatment with the pre- 
cipitant, to make it sore that no further precipitation will 
take place. If necessary, the deposition is allowed to 
continue for some hours, and too great an excess of the 
precipitant must not be added at once, because, in a con- 
centrated liquid, thorium nitrate may dissolve a little of 
the precipitate. When, however, the content in fluorine 
is known approximately, the necessary quantity of thorium 
nitrate may be added at the beginning in sufficiently large 
amount to complete the action at once. The delicacy of 
the reaction is very great, permitting the recognition of as 
little as one pait of fluorine in ten thousand parts of the 
liquid. In the washing many decantations are employed, 
and the clear liquid is decanted into a large vessel and 
allowed to stand for some time before filtering, to prevent 
the small amount of suspended material from passing the 
filter. The precipitate of hydrous thorium fluoride, 
ThF^sHaO, is ignited with the filter-paper, and the fluorine 


* Abstract of a Paper read before the Society of Public Analysts, 
Jana 5, 19*®- 
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present is calculated from the weight of the residual 
thorium oxide, Tfc 0 2 . 

In preliminary experiments upon this method it became 
plain that the precautions relating to acidity and excess of 
the precipitant must be more accurately defined, and later 
it was found that the tedious succession of partial pre- 
cipitations when unknown amounts of fluoride are to be 
titrated may be obviated by a simple modification of 
method. 

The experiments to be discussed were made with a 
solution of thorium nitrate made by dissolving io grms. of 
the hydrous salt, Tb(N03) 4 .i2H 2 0, in a litre of cold 
water acidulated with x cc. of glacial acetic acid, and with 
a nearly N/io solution of sodium fluoride made by dis- 
solving about 4*2 grms. of that salt in a litre of cold 
water containing a small amount (0 5 grm. to 1 grm.) of 
sodium carbonate, to ensure alkalinity of the solution. 
The exact strength of the thorium nitrate solution was 
determined by precipitating the thorium as oxalate and 
weighing the ignited thorium oxide. The fluoride solution 
was standardised by precipitation as calcium fluoride and 
treatment according to the common procedure (Treadwell 
and Hall, u Analytical Chemistry, 4th Ed., vol. ii. , 471) 
and also by the more recent procedure of Dinwiddle (Am. 
Journ . Sri., 1916, [4], xlii.. 421). Portions of these 
solutions were measured from burettes for the experiments 
to be detailed, correction being made for temperature 
variations. 

In Table I. are given the results found in a series of 
experiments made to determine approximately the effect 
of thorium nitrate when added in excess to the solution of 
the fluoride slightly acidulated with acetic acid, the effect 
of varying amounts of acetic acid, and the t fleets of free 
nitric acid and free sulphuric acid. 

The results of Table 1 . show, first, that great care must 
be taken in respect to the excess of thorium nitrate, used 
as the precipitating reagent, and that the precipitate wili 
probably be sufficiently insoluble for the purpose of a 

uantitative determination if the excess of the thorium salt 

ocs rot exceed by more than 50 per cent the amount 
theoretically needed in the metathesis. 


Table I.— Conditions affecting the Ptenpitation of 
Thorium Fluoride. 


Weight of 
TH 0 2 corre- 

Thorium 

Weight 

Total 

sponding to 

nitrate in 

of ThOa 

Hrror. volume. 

fluoride uken. 

excess. 

found. 


Grin. 


Grm. 

Grm. Cc. 

(A) Effect of varying amounts of thorium nitrate. 

0*0688 

50 per cent 

0 0687 

-0*0001 80 

0 0688 

100 „ 

0 0646 

— 0 0042 90 

00688 

200 „ 

O 0462 

-0*0226 100 


(B) Effect of varying amounts of nitric acid and sulphuric 
Scid : Thorium nitrate 50 per cent in excess. 


0*0679 

Concentrated 

HNO* (cc.). 

002 

0*0622 

-OOO57 

30 

0*0679 

0*1 - 

O 0584 

- 0*0095 

30 

0 0679 

0*4 

0*0564 

- 0*0X15 

3 ° 

0*0679 

Concentrated 
H0SO4 (cc.). 

1*02 

O 07II 

+ OOO32 

30 

00679 

1*27 

0068I 

+ 0 0002 

30 

00679 

1*52 

0*0639 

- O OO4O 

30 


(C) Effect of varying amounts of acetic acid : Thorium 
nitrate 50 per cent in excess. 

Acetic acid. 


0*0679 

0018 

grm. 

(0*01 

N) 

0*0727 

+ 0*0048 

3 ° 

0 0679 

0 036 

11 

(0 02 

N) 

O*0675 

— 0*0004 

3 ° 

0*0679 

0108 

11 

(0*06 

N) 

O O676 

— 0*0003 

30 

0 0679 

0 234 

11 

(0*13 

N) 

O O673 

— 0 0006 

3 ° 

0*0679 

0*468 

»» 

(0*26 

N) 

OO664 

- 0*0005 

30 

0*0679 

4 95 

11 

(*75 

N) 

O O658 

-0*0021 

3 ° 


Furthermore, it is plain that free nitric acid, even in very 
small amount, exerts a strong and inadmissible solvent 
action upon the precipitate, while the action of sulphuric 
acid is considerable. On the other hand, the action of 
acetic acid in properly regulated proportion is not only 
permissible but necessary to secure a proper acidity of the 
solution. From the figures given it appears that the 
amounts of acetic acid may vary between about 0*04 grm. 
and o*4 grm. in a volume of 30 cc., or that the concentra- 
tions of the solution in respect to free acetic acid may be 
between the limits of about 0 02 N and 0*2 N acid. In 
the work to be further described these conditions of acidity 
were N preserved. 

In putting this general procedure to the test portions of 
the fluoride solution were measured exactly from a burette, 
and in some cases the portions were further diluted with 
water. Enough acetic acid was added to make the acidity 
of the solution in respect of that acid lie between the 
limits of about 0 02 N and 0*2 N — amounting to a content 
of about 012 grm. and x*2 grm. of free acetic acid in 100 
cc. of solution. The thorium nitrate solution was run in 
slowly in amounts about 25 per cent in excess of that 
theoretically required in the reaction with constant 
stirring. The mixture was allowed to stand for a few 
hours, and the precipitate after several washings by decanta- 
tion with cold water containing a drop of glacial acetic 
acid in 23 cc. was filtered off upon ashless paper supported 
by a perforated platinum cone so that suction might be 
applied at the end of this washing, washed, and ignited in 
platinum. The weight of thorium oxide, Th 0 2 , remaining 
was taken as the gravimetric measure of fluorine pre- 
cipitated as thorium fluoride, TbF 4 .4H 2 0. 

The filtrate containing the excess remaining from the 
known amount of thorium nitrate taken was poured into 
a measured amount of a solution of oxalic acid containing 
a few drops of concentrated sulphuric acid and allowed 
to stand on the steam bath for a period of from fifteen to 
twenty minutes. The precipitated thorium oxalate waa 
filtered ofl on asbestos in a perforated crucible, washed 
with cold water containing one drop of concentrated 
sulphuric acid in every 25 cc., and oxidised by standard 
permanganate according to the method previously 
described for the volumetric determination of thorium 
precipitated as the oxalate (Gooch and Kobayasbi, Am. 
Journ. Sei., xlv,, 227). The difference between the 
amount of thorium originally present and that found in 
the filtrate was taken as the measure of fluorine by the 
volumetric process. 

It was found that the addition of an emulsion of asbestos 
to the liquid containing thorium fluoride in suspension 
obviates the necessity of several decantations and aids 
greatly in the filtration and washing if only a volumetric 
determination is to be made, but this device cannot be 
applied when the gravimetric determination of the ignited 
thorium oxide is desired. 

In Table II. are recorded the details of experiments 
made according to the procedure outlined. 

The adjustments of the amounts of thorium nitrate 
necessary and permissible in precipitating unknown 
amounts of fluoride by means of a series of partial pre- 
cipitations and decantations, as described by Pisani, is a 
very tedious and troublesome matter. It has been found, 
however, that the difficulty may be obviated, at least for 
solutions of moderate dilution, by the simple procedure 
to be described. In this procedure a small measured 
amount of the fluoride solution was made barely acid to 
litmus with acetic, nitric, or sulphuric acid, and then 
added drop by drop, with stirring, to a small measured 
amount (a few cc.) of the standard thorium nitrate rolu- 
tion (10 grms. of the hydrous nitrate in x litre) until a 
distinct turbidity was produced. Under the conditions of 
dilution described the development of the distinct turbidity, 
which marks the beginning of immediate precipitation, 

I indicated a relation between the thorium nitrate and the 
fluoride which was sufficiently definite to serve as a basis 
for the easy calculation of the amount of thorium nitrate 
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required for complete precipitation of the fluoride. The 
determinations of Table III. show that turbidity is pro- 
duced upon addition of the fluoride solution to the excess 
of thorium nitrate solution when the amount of the latter 
is about two and a-half times as much as would be 
required theoretically for the precipitation of the amount 
of fluoride used, and this amount is about twice as much 
as may be used with safety if the precipitation is to be 
complete. 


Tablb U. — Gravimetric and Volumetric Determinations 
of Fluorine Precipitated as Thorium Fluoride . 



Fluorine found— 

Error— 

Total 

Acidity 

Fluorine „ — — 

* — «. 

« 


volume 

of 

takes. 

Grsvi- 

Volu-* 

Gravi- 

Volu- 

of 

acetic 


metrically, metrically, metrically, metrically. 

liquid. 

acid 

Grm. 

Grm. 

Grm. 

Grm. 

Grm. 

Cc. 

N. 


(A) Filtration after one decantation. 


0*0391 

0*0404 

0*0412 

+ 0 0013 

+ 0*0021 

86 

0 06 

0*0588 

0*0610 

0*0617 

+ 00022 

+0*0029 

109 

007 


(B) Filtration after two decantations. 


0*0196 

0*0202 

O 0202 

+ 00006 

+ 0 0006 

29 

0*05 

0*0196 

0*0190 

0*0193 

- 0 0006 

- 0*0003 

79 

0*04 

0*0391 

0*0405 

0*0409 

+ 0 0014 

+ 0 0018 

76 

O 05 

0*0391 

0*0398 

0*0403 

+ 00007 

+ 0 0012 

77 

0 lO 


(C) Filtration after several decantations. 


0*0196 

0*0198 

0*0198 

+ 0 0002 

+ 0*0002 

39 

O 02 

0*0196 

0*0196 

0*0198 

— 

+ 0*0002 

39 

0*05 

0 0196 

0*0200 

0*0199 

+ 0*0004 

+0 0003 

39 

007 

0*0196 

o*oig7 

OOI97 

+ 0*0001 

+ 0*0001 

39 

0 09 

0*0196 

0*0191 

00190 

0 0005 

-00006 

3 * 

O 05 

0*0196 

0*0197 

0*0195 

+ 0*0001 

-0 0001 

28 

O 06 

0 039 c 

00398 

0 0399 

+ 0*0007 

+ 0 0008 

76 

0 c6 

0 0391 

0 0391 

0*0389 

— 

- 0 0002 

56 

0 06 

00588 

0*0598 

O 0598 

+ 0*0010 

+ 0*0010 

114 

007 

O 0588 

0*0590 

0*059 1 

+ 0 0002 

+0 0003 


0*05 

0*0789 

00763 

0*0774 

-0*0021 

-0*0010 

* 5 * 

0 05 

0*0980 

0 0960 

00974 

— 00020 

- 00006 

191 

006 

(D) F ltration after addition of asbestos, without 



decantation. 




0*0196 

— 

0 oaoo 

— 

+ 00004 

38 

005 

00196 

— 

0 0195 

— 

- 0*0001 

38 

005 


Table III. — The Point of Incipient Precipitation when 
the Fluoride is added to an Excess 0 f Thorium Nitrate. 






ThOa 

Ratio of 

Fluoride 

Thorium 


ThO* 

contained 

ThO? used 

solution 

nitrate 

Water 

equivalent 

in thorium 

to ThO -2 

N/ 10 . 

solution. 

added 

to fluoride. 

nitrate 

equivalent 


(«) 



used. 

to fluoride. 

Cc 

Cc 

Cc 

Grm 

Grm. 

Grm. 

0 52 

2 

0 

0*0036 

00094 

26:1 

o *54 

2 

2 

00037 

00094 

2*5 : I 

080 

3 

O 

0*0055 

0*0141 

26 : 1 

0*81 

3 

3 

0*0056 

O OI4I 

25:1 

0*82 

3 

0 

00057 

0*0141 

2*5 : 1 

0*83 

3 

0 

OOO57 

00I4I 

25:1 

0 84 

3 

0 

0*0058 

O 0141 

24:1 

*35 

5 

0 

0*0093 

0*0235 

2*5 : 1 

2 70 

10 

0 

0 0186 

00470 

25 : * 


(a) Ten grins. of the hydrous salt in 1 litre. 


According to this procedure directions for the precipita- 
tion of the hydrous thorium fluoride, TbF^HaO, from a 
fluoride solution of unknown concentration may be sum- 
marised as follows : — 

The approximately measured solution of alkali fluoride 
is made barely acid with acetic acid, and a small amount 
of this solution is taken in a convenient graduate. From 
a burette filled with the standard thorium nitrate solu- 
tion a small portion (a lew cc ) of the solution is drawn 
into a small beaker. To this small portion of the thorium 
nitrate solution the fluoride solution is added from the 


graduate, drop by drop, with stirring, until a faint but 
distinct turbidity is formed immediately. The amount 
of fluoride solution required to bring about the im- 
mediate turbidity in the measured amount of thorium 
nitrate solution is noted, and from the relation of these 
amounts of the solutions of fluoride and thorium nitrate 
thus used is calculated the amount of thorium nitrate 
solution which should stand in similar relation to the entire 
amount of the fluoride solution. One half of the amount 
of thorium nitrate thus ^calculated, which will be about 
25 per cent more than is theoretically required and well 
within the limit of safety in respect to an txcess, will be 
the proper amount to bring about the complete precipita- 
tion of all the fluoride. 

The unused portion of the solution is acidified with 
acetic acid until the acidity falls within the limits of about 
o*o2 N and 0*2 N —amounting to a content of about o 12 
grm. to 1*2 grm. of free acetic acid in every too cc. of 
solution — and the small portion of the fluoride solution used 
in the test is returned to the unused solution. The cal- 
culated proper amount of thorium nitrate solution (taking 
into account the amount of it already added in the pre- 
liminary test) is added to the entire fluoride solution and 
the mixture is allowed to stant a few hours. From this 
point the procedure for the determination of fluorine 
gravimetrically or volumetrically is that previously 
described.— American Journal 0 f Science , xtv., 370. 


THE NATIONAL PHYSICAL LABORATORY. 

Metrology Department. 

The Testing of Scientific Glass-ware. 
Arrangements have been made, after consultation with 
the Ministry of Munitions and the Department of Scientific 
and Industrial Research, and in conjunction with the 
British Chemical Ware Manufacturer*' Association and 
the British Laboratory Ware Association, for the testing 
at the National Physical Laboratory of Scientific Glass- 
ware, &c., on a more comprehensive scale than hitherto. 

The tests will include : — 

fn) Volumetric tests on graduated vessels of all kinds. 

(6) Tests on the resistance to chemical action and as to 
the general suitability of vessels for use in chemical 
processes. 

(e) Tests on filter-paper, porcelain ware, Ac., as used 
in Physical and Chemical Laboratories. 

(The Chemical tests have been discussed with the Re- 
search Committee of the Institute of Chemistry, and will 
be dealt with separately). 

The following notes relate to — 

(d) Volumetric Tests on Glass ware. 

The tests will be divided into two classes 

(I.) The examination of vessels of the highest accuracy 
— Class A Tests. This will be carried out at 
Teddington. 

(II.) The examination of vessels intended to possess 
only commercial accuracy— Class B Tests. It is 
hoped eventually to arrange for this work to be 
done locally. In the meantime it may be possible 
to deal with a certain limited number of these 
second grade vessels also at Teddington. 

(I.) Examination of Vessels of the Highest Accuracy . — 
A building is being erected and equipped for this purpose 
at the National Physical Laboratory. Meanwhile, tem- 
porary accommodation has been secured at Teddington, 
and the work will commence immediately. 

The Fees and general conditions of test, limits of 
accuracy, &c., have been discussed with the Manu- 
facturers' Associations and generally approved by them. 
Full details as to these will be found in the Laboratory 
Pamphlet dealing with the testing of Glass Apparatus, 
which may be bad on application to the Director. 
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(II.) The Inspection of Glass-ware of Commercial 
Accuracy. - It is proposed to set up local centres for this 
work, in some cases at the manufacturers' works, in others 
in suitable central positions. In all cases a represen- 
tative of the National Physical Laboratory will be in 
charge. Rules will be laid down in consultation with the 
manufacturers as to the conditions to be observed and the 
accuracy to be required. Details of this plan remain to be 
worked out in consultation with the manufacturers. 

(Apparatus submitted for Class A Tests, and found to be 
outride the limits of acceptance for Standard Apparatus, 
will, if considered of reasonable accuracy for commercial 

f mrposes, receive instead the Class B mark. Definite 
imits of acceptance for Class B apparatus are now under 
consideration. The fees for all apparatus accepted under 
this section will be those for Class A apparatus). 

General Notes. 

For the present the vessels must be sent to the Labora- 
tory. Instructions on this point are issued separately. It 
is intended in the near future to establish a central depot 
in London, from which they will be collected. 

Attention is specially called to the following points, and 
it is requested that before sending apparatus for test, it 
should be examined with a view to ascertaining that the 
conditions enumerated below have been complied with : — 
Cleaning. 

All vessels must be free from grease and thoroughly 
cleaned before being sent for test. (An extra charge of 6J. 
per instrument is made if vessels have to be cleaned at the 
Laboratory). 

Construction. 

x. Vessels such as flasks and cylinders provided with a 
flat base must Btand firmly thereon without rocking. 

2. Outlet or inlet tubes, stoppers, taps, &c., must be 
watertight, and must not project into the measuring 
space. 

3. Apparatus should be made from well annealed glass, 
free from striae. 

4. The jets of vessels which deliver their contents 
through a jet, e.g., burettes and pipettes, must be made 
with a gradual taper. A sudden constriction at the orifice 
is not allowed. The end of the jet must be ground off true 
and the ground surface must be smooth. 

5. The internal diameters of the necks of flasks must 
not exceed the limits given on p. 16 of the test pamphlet. 
Inscriptions. 

Each instrument must have permanently marked upon 
it — 

(a) An identification number. Removable parts, e.g ., 
stoppers. &c., must also be marked with the 
identification number of the instrument to which 
they belong. 

(6) The maker’s name or trade mark. 

(c) The units in terms of which the instrument is 
calibrated, e.g. t cc., and the nominal capacity. 

(d) The standard temperature (in general, 15° C.) at 
which the instrument is intended to be correct. 

(*) In the case of flasks or cylinders, the letter 44 C ” or 
41 D ” to indicate respectively whether the instru- 
ment is to be used 41 to contain ” or 44 to deliver.” 
Pipettes and burettes, unless specially marked for 
content, are treated as for delivery. 

(f) Vessels intended for use with mercury must be 
marked 44 Mercury ” or 44 Hg.” 

Iraduation Marks. 

x. The cross section of that part of the vessel on which 
the mark is made should be circular. 

2. Marks must be clean and fine, and only drawn upon 
cylindrical or regularly formed parts. 

3. On apparatus with only one or two marks, the lines 
must be carried completely round the tube. 

4. On sub-divided apparatus all graduation marks 
Should be carried at least half-way round the tube. At 
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least every tenth line should be carried completely round 
and numbered. 

For types of apparatus for which the above arrangement 
is unduly difficult to carry out, short lines on the front of 
the instrument, together with corresponding graduations 
on the back, may be used as an alternative. 

5 The distance between two adjacent marks must not 
be less than x mm. 

6. The graduations must show no evident irregularities. 

7. Marks must be parallel to each other, and when the 
vessel will stand upon a horizontal table they must be 
parallel also to the base of the vessel, so that the 
meniscus surface can be brought truly into the plane of 
the mark. 

Delivery Time. 

Apparatus constructed to deliver its contents through a 
jet should be made so that the time of delivery is in 
accordance with the specifications given on p. 17 el seq. 
of the test pamphlet. 

Preliminary Examination. 

When apparatus is received for test, it is first examined 
to see if the conditions stated above are complied with. 
If found to be satisfactory in these respects the capacity 
test is proceeded with. If the apparatus does not fulfil the 
above conditions no further examination is made, and the 
apparatus is returned to the sender. 

The points enumerated above are all such as can be 
readily checked in the workshop, and much time and 
expense can be saved by ensuring that the apparatus it 
satisfactory in the above respects before submitting it 
for test. 

Schedule of Fees. 

The following is a summary of the fees charged for 
Class A Tests : — 


Preliminary Examination. 

For Preliminary Examination in 'cases where the 
complete test is not carried out (each vessel). . 3 

Flasks. 

Capacity up to and including 100 cc. (each vessel) 6 
Capacity greater than 100 cc., not greater than 

500 cc. (each vessel) 9 

Capacity greater than 500 cc., not greater than 

2000 cc. (each vessel) 1 o 

Pipettes with One Mark. 

Capacity up to and including xo cc. (each vessel) 6 
Capacity greater than 10 cc., not greater than 

50 cc. (each vessel) . . 9 

Capacity greater than 50 cc., not greater than 

250 cc. (each vessel) o 

Automatic pipetteB (each) 1 o 

Graduated Pipettes and Burettes. 

Tested at five points (each vessel).. 2 6 

For each additional point 6 

Graduated Cylinders. 

Tested at five points. 

Total capacity up to and including 50 cc. (each 

vessel) 1 9 

Total capacity greater than 50 cc., not greater 

ths n 250 cc. (each vessel) 2 o 

Total capacity greater than 250 cc., not greater 

than 2000 cc. (each vessel) 3 

For each additional point on any of the above . . 4 

Cylinders with one or several marks, but not com- 
pletely graduated. 

For each point tested 6 

Specific Gravity Bottles or Tubes. 

For test only (each vessel) 6 

For testing and etching the determined capacity 

on the vessel (each vessel) 2 o 

Gas burettes and tubes for capacity test at five 
points (including issue of Certificate or State- 
ment (each) * 0 
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Pressure Tubes Graduated in Units of Length. 

For totting accuracy of sub-division (including 
statement of results) (etch tube). (See Note i) 5 0 
Batyrometers. 

Tested at five points (each vessel) o 

Extras. , 

For issue of a certificate or statement of correc- 
tions, unless specifically included above .... 6 

For marking an identification number on a 

vessel. (See Note a) .. •• •• •• •• y 3 

For cleaning vessels received dirty (each vessel) o 

Notts . 

i. For simple types of tubes it may be found possible to 
reduce the above fee, »nd in such cases a special quotation 
will be given. 

a. This refers to vessels sent for test, contrary to the 
regulations, without an identification number, and not to 
marking a Laboratory registration number in cases where 
certificates are requited. 

Instructions as to the sending of Scientific 
Glass ware for Test. 

In response to requests from the Ministry of Munitions 
and the Department of Scientific and Industrial Research, 
and in conjunction with the British Chemical Ware Manu- 
factum.’ Association and the British Laboratory Ware 
Association, arrangements have been made, with the aid 
of the Ministry of Munitions, for testing graduated glass- 
ware at the National Physical Laboratory on a larger 
scale than has hitherto been possible. 

The conditions of test, and scale of charges, are given 
in the Test Pamphlet of the Metrology (Glass Testing) 
Department, copies of which may be obtained on applica- 
tion to the Director. ^ . . ... ... 

The following arrangements should be complied with 
when Scientific Glaae-ware is cent for teat 

i All parcels or packages must be addressed to The 
Director, The National Physical Laboratory, Teddington, 
Middlesex, and marked 44 Metrology (Glass Testing) 

D a^*Carriage to and bom the Laboratory ia payable by 
the persons sending sppsrstus for test. 

a. Different types of spparatus should not be packed 
together in one packing-case. Etch nacking-case should 
contain on y one type of vessel, #.g., flasks or pipettes. 

4 . An advice note must be sent in respect ot each con- 
signment giving— 

(a) The sender’s name. 

(*) The type and identification number of each 

instrument. 

a Full directions for return of instruments. 
Instructions as to the test required. 

The pressnt arrangements at the Laboratory are 
designed for dealing with Stanford apparatus— Class A 
test. It must be clearly stated, in the case of such 
apparatus, whether it is simply to be stamped as accurate 
within tha specific limits, or whether a certificate of cor- 
rections is required in addition. 

(Apparatus submitted for Class A Test, and found to be 
ouUidethe limits of acceptance for Standard Apparatus, 
will, if considered of reasonable accuracy for commercial 
nor poses, receive instead the Class B mark, applicable to 
apparatus of commercial quality. Definite limits of 
acceptance for Cists B apparatus have yet to be decided 

WP T?\u the immediate future, while the organisation for 
testing is still in course of development, it will only be 
possible to deal with a limited number of vessels at the 
Laboratory. It is therefore requested that firms sending 
vessels foe examination will, for the present, give notice of 
their intentions on special forms (which will be supplied 
on application) not less than one clear week before 
despatching the goods. They will receive in return a 


notification as to whether the Laboratory is in a position 
to receive the goods, and how long the tests are likely to 
take ; or failing this, an estimate of how soon it will be 
possible to receive and deal with them. 

6. The Laboratory Authorities insure apparatus, while 
in their custody, against loss or damage from fire, theft, 
or accident. They also insure apparatus sent to them for 
test against risk of transit between places in the United 
Kingdom and the Laboratory. They reserve the right to 
reject any claim on account of damage in transit when the 
damage is, in their opinion, clearly to be attributed to in- 
sufficient packing. Tkt value for which goods an insured 
is the cost price of manufacture . A som sufficient to cover 
the cost ot insurance will be charged with the fees. 

(Some firms sending goods regulaily to the Laboratory 
prefer to txecute their own insurance. Goods sent by such 
firms can be treated as outside the Insurance Scheme, pro- 
vided a form, to be obtained from the Director, has been 
previously signed by the firm snd received by the Director. 
When this has been done, no claim for loss or damage will 
be made on the underwriters on behalf of that firm, snd no 
fee for insurance will be charged by the Laboratory. Fue 
risks are taken by firms who sign this form). 

7. The hours for the receipt of instruments are from 

10 s.m. to 4 p.m., except on Saturdays, when they are 
from 10 s.m. to 12 noon. The attention of persons sending 
instruments by special messenger is particularly called to 
this point. ... 

On Sundays and public holidays the Laboratory is 

closed. . 

R. T. Glazebrook, Director. 

July, 1918. 


PROCEEDINGS OF SOCIETIES- 

ROYAL SOCIETY. 

Ordinary Meeting , June 27, 1918. 

Sir J. J. Thomson, O.M., President, in the Chair. 

The following papers were read :— 

41 Periodic Irrotational Waves of Finite Height” By 
Prof. T. H. Havelock, F.R.S. 

It is shown than an extension of Micheli’s analysts for 
the highest wave gives a method which includes waves of 
any permissible height. The advantage is that the para- 
meter does not have, as in Stokes’ series, an undetermined 
upper limit, but enters in the form where a may have 
any positive value including aero. By comparison with 
the corresponding Stokes’ series, an estimate is found for 
the value of the parameter for which Stokes’ series for 
the elevation become divergent ; this value is 0 291. . . . 
The general method is illustrated by various numerical 
examples. 

•• The Diffraction oj Electric Waves by the Earth ." By 
G. N. Watson, D.Sc. . , L . 

Approximate formula have been obtained by Poincare, 
Macdonald, Nicholson, and others, which express the dis- 
turbance due o a Hertzian oscillator at a distant point of 
the earth’s surface. This paper contains a transformation 
of the series for the magnetic force into a series which 
converges very rapidly except in the immediate neighbour- 
hood of the oscillator. This series which is obtained by 
an application of the calculus of residues is well adapted 
for numerical computations, and an inspection of the form 
of its dominant term reveals the approximations obtained 
by previous investigators and indicates bow their 
apparently discordant results arose. 

In particular, the new series exhibits the effect produced 
in the neighbourhood of the antipedes of the oscillator -a 
region in which all approximations previously known 
become definitely invalid. 


Digitized by <^.OOQLe 



260 Occur rencn of Multinucleate Cells in Vegetative Tissues 


44 Concerning Emotive Phenomena. Part II. Periodic 
Variations of Conductance oj the Palm of the Human 
Hand” By Dr. A. D. Waller, F.R.S. 

This paper gives an account of further observations of 
changes of electrical resistance associated with emotive 
phenomena. Their physiological lost time is between two 
and three seconds and occurs principally in the skin (pal.n 
of hand). With higher and lower conductivity the effects 
are greater and smaller. 

The electrical conductivity (palm of hand) exhibits a 
diurnal periodicity concurrent with the waxing and waning 
of physiological activity during the twenty-four hours. 
In my own case the conductivity rises and tails wahin a 
range of approximately xo and 50 y ■■ 100,000 and 20,000 
ohms, being at its lowest during the small hours of the 
morning, at its highest duiing the atternoon. 

Theory.— The conductivity varies gradually w.th the 
varying activity of the exchange of ions traversing a porous 
membrane of which the pores are more or less contracted. 
With every sudden nervous reaction in consequence of 
any kind of excitation an emotive discharge lakes place 
giving rise to a dilatation of pores. 

44 The Mechanism and Control of Fibrillation in the 
Mammalian Heart.” By Prof. J. A. MacWilliam, F.R.S. 

An essential condition in fibrillation is an altered 
(fascicular) mode of conduction. This may characterise 
even single beats as 14 fibrillar.” The production ot a rapid 
continuous series of contractions in typical fibrillation 
depends on a disturbance in the normal relations of con- 
duction time and refractory period, leading to the establish- 
ment of a mechanism of circulating excitations. Grada- 
tions are traced between fibrillar beats and rapid fibrilla- 
tion. The essential alteration in induction is conduced 
by (1) certain depressing agencies ; (2) excessive accelera- 
tion of rhythm, or (3) by a combination of these. 

The conditions of pseudo fibrillation and true fibrillation 
are compared in auricles and ventricles. The relation of 
the vagus to fibrillation is very different in the auricles and 
ventricles. Under vagus influence in the auricles a 
mechanism of circulating excitations may be set up without 
the presence of visible contractile responses. 

The chief protective and remedial agents described are 
urethane, adrenaline, strontium chloride, hirudin, and 
pilocarpine. The action of the last may reproduce the 
different actions of the vagus in auricles and ventricles 
respectively, promoting fibrillation in the former and 
restraining it in the latter. 

44 The Development of the Sea Anemones , Actinoloba 
diantbus and Adamsia palliata.” By J. F. Gemmill, 
D.Sc. 

An account is given of the development of these 
anemones from fertilisation to the 8-mesenteried stage. 
In both species the eggs are relatively small, those of 
Actinoloba containing so little food-yolk that the free- 
swimming planula feeds by the action of cilia on two 
precociously formed mesenteries (the future sulco-laterals), 
and afterwards crawls mouth downwards with stomodaeum 
everted, presumably obtaining food from the substratum. 
This is the only known instance of a feeding Actinian 
planula, and, indeed, the only previous detailed account 
of anemone development is that of Appellof for Urticina , 
which has large yolky eggs. 

Spawning, segmentation, blastula-formation, gastrula- 
tion (by embole with a certain amount of unipolar ingres- 
sion), the formation of stomodaeum, mesenteries, mesenteric 
filaments (the Utter as down-growths of stomodaeal 
ectoderm), and habits and characters of the larvae are 
described. In Adamsia there is a greatly folded and after- 
wards saucer-shaped 44 preblastula,” and formation of a 
central trophenchyme prior to gastrulation occurs. The 
pianola of Actinoloba has an aboral sensory organ with 
long cilia. 

A probable bridge between invagination and delamina- 
tion in coelenterate development is indicated, invagination 
being considered the primary mode of endoderm forma- 
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tion. A phylogenetic explanation of the presence of 
trophenchyme is put forward. In extension of generalisa- 
tions by Sedgwick and Van Beneden a correspondence is 
drawn between the eight primary Actinian pouches and the 
ccelomic pouches of higher Metazoa. Starling with the 
resemblance between a late creeping Actinoloba larva and 
a Turbellarian, reasons are given for the derivation of the 
Turbellaria from an ancestor like an Actinian planula and 
against the Ctenophore-Turbellacian hypothesis. 

44 Occurrence of MulttnucleaJe Cells in Vegetative Tissues.” 
By R. Beer and Agnes Arber. 

Binucleate or multinucleate cells have been observed by 
us in 174 plant species belonging to 59 families. Tney 
have been found in each of the five classes of living 
Pteridophyta, in Gymnosperms, and in Angiosperms. They 
occur in a wide range of tissues belonging to stem, root, 
and leaf. The multinucleate condition has, in all cases, 
been found to arise by mitotic division of the nucleus, and 
in no instance have amitotic divisions been seen to play 
a part. 

This process of nuclear division, unaccompanied by 
cytoplasmic division, usually gives rise to a peculiar and 
characteristic arrangement of the spindle fibres and 
associated cytoplasm, to which we give the name of 
44 Phragmosphere.” These phragmospheres have been 
observed in 120 species belonging to S3 families. 

The fate of the nuclei in multinucleate cells varies in 
different species — 

(а) In some cases the plurality of nuclei persists to a late 
stage. 

(б) In other cases one or more nuclei undergo 
degeneration. 

A reduction in the number of nuclei by the occurrence 
of nuclear fusions has not been observed. Neither has a 
belated cell-division been seen to effect a separation of the 
nuclei of a multinucleate 'cell. 

Lobing of the nucleus has been observed in several 
cases, but this rarely, if ever, leads to an actual division of 
the nucleus. The case of Tradescantia falls within this 
category, and can no longer be regarded as an illustration 
of amitosis. 

The multinucleate condition is due to persistence of 
mitotic divisions in the nucleus for some time after the 
cytoplasm has lost the capacity for division. It probably 
affords a means by which interchange between nucleus 
and cytoplasm is facilitated during periods of great 
metabolic activity. 

44 The Epithelial Sheath 0) Hertwig in the Teeth of Man , 
with Notes on the Follicle and Nasmyth's Membrane ” By 
J. H. Mummery, D.Sc. 

The author shows that the 44 Epithelial Sheath of 
Hertwig ” is present as a complete organ in human teeth, 
and, as shown by Von Brunn in many mammalia, is the 
moulding or limiting organ of the dentine of the root, 
being constantly present where dentine is being deposited. 

The enamel organ terminates at the point where enamel 
ceases to be formed, and is not continued downwards to form 
the epithelial sheath, as hitherto considered. The epithelial 
sheath lies to the outer side of the enamel organ^jwhere it 
terminates at the junction of the follicle with the dentine, 
and is derived from other epithelial cells in the follicle. 
The enamel which covers the exposed part of the tooth 
crown is an epithelial product, derived from the ectoderm ; 
dentine and cement are products of the mesoderm ; but the 
whole tooth is surrounded at different stages of its growth 
by ectodermic structure, the Sheath of Hertwig. It can 
therefore be consistently maintained that formation of the 
whole tooth depends upon proliferation of ectodermic 
epithelial elements. 

It might be considered that two separate epithelial 
organs are formed from the tooth-band and the cells 
derived from it - the enamel organ which is specially dif- 
ferentiated to form enamel, and the epithelial sheath which 
is the form-determining organ of the dentine. These two 
structures would thus have a common origin, but while one 
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presides over the formation of enamel, the other is 
developed for determination and limitation of growth of 
dentioe, and as the enamel organ atrophies when the 
enamel is completed, and only persists as the cornified 
celts of Nasmyth’s membrane, so the epithelial sbeatb 
becomes absorbed after the complete decomposition of 
the dentine, and only a few epithelial cells remain as the 
epithelial debris of Malassez. 

M The Periods of Lateral Vibration of Loaded Shafts . 
The Rational Derivation of Dun her ley's Empirical Rule 
for Determining Whirling Speeds.” By H. H. Jrffcott. 

This paper deals with the periods of lateral vibration of 
loaded shafts, and gives the rational basis of Dunketley’s 
empirical method for determining the first whirling speed 
of a shaft carrying a number of loads. 

Results obtained by the Dunkerley formula are com- 
pared with the exact solutions in a few simple cases. 

The method employed is of general application and 
leads to a theorem connecting the several speeds of vibra 
tion of a system of masses elastically connected with the 
speeds of vibration of the partial systems obtained by 
reducing to zero a given number of the masses in turn in 
all possible combinations. 

This theorem may be stated thus : — 

The sum of the squares of the reciprocals of the products 
of the n speeds of vibration taken r at a time of n masses 
connected elastically is eaual to the sum of the squares of 
the reciprocals of the products of r speeds of vibration for 
each set of r masses, the other n -r masses being supposed 
to be obliterated. 

44 Spectrum of Cadmium in the Inactive Oases.” By 
Norman Collib, F.R.S., and H. E. Watson, D.Sc. 

44 Further Experiments on Spontaneous Generation of 
Heat in Recently Hardened Steel.” By C. F. Brush, 
Sir Robert Haofield, F.K.S., and S. A. Main. 

44 The Slow Contraction of Hardened Carbon Steels.” 
By T. Matsushita. 


PHYSICAL SOCIETY. 

Ordinary Meetings June 28, 1918. 

Prof. C. H. Lees, F.R.S., President, in the Chair. 

A paper, entitled 44 A New Method of Measuring 
Alternating Currents and Electric Oscillations” was read 
by Mr. I. Williams. 

The method consists of the application of the Crookes 
and Osborne Reynolds radiometers to the measurement of 
the R.M.S., values of electric currents. Two types of 
apparstus are described. In the first of these the heat 
generated by the passage of the current through a 
nichromc resistance causes the deflection of a light mica 
vane attached to tbe extremity of a suspended beam. In 
the second type the deflection of a fine fibre is employed. 
Tables and curves are given connecting the indications of 
the instruments with the current and with tbe degree of 
evacuation. 

Discussion. 

Mr. O. D. West said that in bis paper on the 
Measurement of tbe Pressure of Light by the deflection 
of a thin metallic strip he bad called attention to 
certain disturbances doe to gas action. He treated them 
at that time as sources 01 error, but bad since been 
engaged on their investigation. He could not go into his 
results here, but would just like to say that some of the 
effects shown by tbe author were not wholly explicable by 
the Crookes radiometer effect. He would also like to 
point out that Knudsen had studied the deflection of 
strips placed close to an electric heater. There were pos- 
sibilities of the useful application of some of these effects 
when they were properly understood. At present, how- 
ever, there was considerable uncertainty in connection 
with some of them. 


Dr. Sumfner thought the instrument described by Mr 
Williams was likely to prove a valuable one. Com 
paratively little information was given concerning 
heaters, so it was difficult to judge of their suitability 
the currents employed in wireless telegraphic work, which 
were very much smaller than those mentioned. There 
was the danger that if the resistance had to be made toe 
high the instrument would alter the magnitude of the cur- 
rent it had to measure. 

Piof. Howe said that one of the difficulties in measuring 
high-frequency oscillations was the effect of electrostatic 
forces between the heater and the thing heated. It 
appeared to him that this tyre of instrument was par- 
ticularly liable to this source of disturbance. An obvious 
way to overcome this was to put a dummy heater on the 
other side of the vane or fibre and put it in electrical con- 
nection with tbe heater. He thought that in its present 
form the instrument could not be very convenient in use. 

Dr. D. Owen said be was not certain that tbe difficul- 
ties inherent in the measurement of minute fotces had all 
been surmounted. From Table I. it would appear that 
they bad, as in this case the deflections were stated to be 
accurately proportional to C*. This law was not, how- 
ever, followed in Table III., tbe deflections being all 
smaller than they should be, despite the fact that a 
platinum heater was used in this case, which would lead 
one to expect too high readings. He observed that the 
aqfhor connected the beater to earth, and gathered from 
this that electrostatic disturbances had been noticed. It 
was not easy to apply this method of elimination of these 
effects in the case of high frequency oscillations. 

Dr. W. Eccles said that some years ago he had built a 
little apparatus which would detect a micro-ampere. The 
heater was a short glass fibre platinised. It was mounted 
about 2 mm. below the extremity of a light horizontal 
fibre of ouartz, which constituted the beam of a delicate 
micro- balance. The effect was best at atmospheric pres- 
sure, and he bad always attributed it to convection cur- 
rents ; but it seemed that there might be many other 
factors entering into it. The heater was of about 1000 
ohms, so that the value of the watts per micro ampere 
consumed was 10 - 9 . He also made another type, in 
which a light vane was mounted at tbe end of the beam. 
This was several times as sensitive as the first. He had 
described these in one of his papers at the time. 

Prof. Lees asked how the pressure was maintained 
sufficiently steady, as the sensitivity appeared to vary con- 
siderably with tbe pressure. 

Mr. Williams, in reply, said he had had no difficulty 
with pressure. The change of sensitivity with pressure 
was small near the top of the curve, at which he usually 
worked. This question did not of course arise at all when 
employing the Null method. He had not seen any of 
Knudsen ’tf work when he started these experiments, and 
originally intended to use tbe instrument as a manometer, 
as it was suitable for measuring very small changes of 
pressure due to leakage or transpiration through sub- 
stances. He subsequently found, however, that Knudsen's 
work already covered this ground. With regard to Dr. 
Sumpner’s remarks on the magnitude of the current, it 
had to be borne in mind that the instrument described was 
an experimental one, and could be very much improved 
by reducing the ineitia of the suspended system and using 
a much finer suspension. With regard to the square law, 
the graph in the paper applied to the firtt type of instru- 
ment only ; be thought Dr. Owen’s remarks applied to 
observations made with the other type. As regards 
electrostatic disturbances, he thought at first he detected 
effects of this kind, but found they were unaffected by tbe 
proximity of radium. He had subsequently found them to 
be mostly doe to other causes. 

A Demonstration of Coupled Vibrations was given by 
Prof. E. H. Barton, F.R.S., and Miss H. M. Browning. 

The apparatus shown consisted of a pair of pendulums, 
each of which was suspended from the mid point of a 
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sagging string, the direction of which was transverse to 
the direction of oscillation of the pendulums. The two 
sagging strings were connected by a light wooden rod at 
the points from which the bobs were suspended. Each 
bob consisted of a metal funnel, from the apex of which 
a fine stream of sand fell during an experiment. A 
horizontal board could be moved slowly on rails just below 
the oscillating bobs, and the fine sand falling on this gave 
curves showing their motion. When one bob is set in 
oscillation the other being initially at rest, the latter, as is 
well known, starts to vibrate with gradually increasing 
amplitude until the first bob has been brought to a stand- 
still, when the process is reversed. From an examination 
of the equations of motion it is found that the amount of 
sag in the transverse strings governs the degree of 
“ coupling ” of the oscillators, and by varying this and also 
the relative mass and periods of the pendulums, curves can 
be obtained illustrating all the phenomena of coupled 
electrical oscillations. By stopping one of the bobs when 
it has just been reduced to rest, thereby preventing the 
energy from being reabsorbed by it, the conditions of the 
quenched spark can be imitated. 

Discussion. 

Mr. B. W. Clack (communicated remarks) would like 
to call the attention of Fellows to a pen for recording 
traces similar to those shown by Prof. Barton, which does 
not seem to be so well known as it deserves. The wasting 
point of this pen is a very fine sable hair or camel hair 
brush, the bristles of which fill up and project outwards 
through the opening of a short length of glass tubing, 
suitably drawn out at one end, and which acts as a 
reservoir for the ink. The advantages of this pen for the 
purpose under consideration are three x. The point of 
the brush when wet with the ink is exceedingly fine, but 
the thickness of the line drawn can be increased at will 
by changing the pressure of the brush on the paper. 

2. The point is quite flexible, and will write equally well 
in all directions. 3. There is nothing to get clogged up 
in the writing point, and the pen will do its work for hours 
without any attention. The writer does not know who is 
the orginator of this method, but he has used it for many 
years with perfectly satisfactory results, and if such a 
recording device could be employed by Prof. Barton it 
would enable him to materially reduce the size of his 
apparatus, as zoo waves or more can easily be drawn in 
the length of a postcard. 

At the dose of the meeting the President referred to 
the retirement of Mr. R. Chapman, who had acted as 
lecture demonstrator at their meetings for longer than 
most of them could remember. He expressed the 
Society’s appreciation of his past services and also their 
good wishes for the future. 


SOCIETY OF GLASS TECHNOLOGY. 

Ordinary Mating , yum xg, xgi8. 

Mr. W. F. J. Wood, President, in the Chair. 

As the result of the Discussion at the London meeting on 
May 15 on 41 The Glass Industry after the War ,” Mr. S. M. 
Jenkinson, M.B.E., proposed and Mr. Connolly 
seconded the following resolutions : — 

1 . It is resolved that, in the opinion of the Society of 
Glass Technology, it is considered desirable that the 
Optical and Glassware Department of the Ministry of 
Munitions shall continue in existence for some time after 
the end of the war as an organised Government Depart- 
ment, charged with the duty of fostering and developing 
the glass industry, which is showing such promising signs 
of progress towards efficiency, and to work in conjunction 
with the Ministry of Reconstruction so long as the 
Ministry of Reconstruction continues to exist, 


II. It is resolved, in accordance with the recommends* 
tions of Lord Balfour of Burleigh’s Committee on Com- 
mercial and Industrial Policy after the war, that the pro- 
hibition of imports, except under licence, of certain key 
varieties of glass is necessary. 

III. It is resolved that protection by tariffs is necessary 
to protect all other kinds of glassware from unfair labour 
competition and from dumping. 

IV. It is also resolved that, in the opinion of the 
Society, it is considered desirable that a Federation of 
representatives of the eight trade sections of the whole 
industry (as follow), consisting of employers and em- 
ployees, together with independent members repre- 
senting science, engineering, finance, and Government 
departments, should be formed at the earliest possible 
moment to co-operate with and advise the Government 
departments appointed to supervise and promote the glass 
industry, and that this federation should eventually take 
the place of the temporary Interim Industrial Reconstruc- 
tion Committee for the Glass Industry. 

x. Table and decorative glass, including shades, &c., 
for illumination purposes. 

2. Plate and sheet glass. 

3. Optical glass. 

4. Chemical and scientific glassware, including burners, 

lamp chimneys, miners’ lamp and gauge glasses. 

5. Electric lamp bulb glasses. 

6. Pressed glassware. 

7. Common bottles and jars. 

8. So-called flint glass bottles. 

V. It is resolved that a copy of the foregoing resolutions 
be forwarded by the Secretary to : — 

x. The Ministry of Munitions (Optical and Glassware 
Department). 

2. The Board of Trade (Commercial Intelligence 

Department). 

3. The Ministry of Reconstruction. 

4. Lord Balfour of Burleigh’s Committee on Com- 

mercial and Industrial Policy after the War. 

5. The Federation of British Industries. 

6. The Secretaries of Glass Manufacturers Associations. 

7. The Secretaries of Workmen’s Associations. 

An animated discussion followed, and all the resolutions 
were carried, three amendments by Mr. Redfern receiving 
little support. 

Two papers, as under, which were down for discussion 
were taken as read, and will appear in the Proceedings of 
the Society. 

“ The Behaviour of Different Types of Foreign 
Chemical Glassware towards Corrodinj? Agents.” By 
J. W. Canwood, M.Sc., and W. E. S. Turner, D.Sc. 

“A Simple Device for Rapidly and Accurately Cali- 
brating Pipettes.” By S. English, M.Sc. 


CORRESPONDENCE. 


STEEL ANALYSIS. 

To the Editor of the Chemical News . 

Sir,— May I take this opportunity of thanking your cor- 
respondent of July 5. I am much obliged to Mr. Crawford 
for his list of books ; it is just what I wanted, and I am 
sure I am not the only one who will take advantage of the 
list offered. 

There are, of course, not many recent editions at present, 
but I am sure I shall be able to choose one or two from 
them. — I am, &c., 

Geo. B. Hanson. 

251A, Waterloo Road, 

High Town, Manchester. 
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NOTICES OF BOOKS. 

Methods of Measuring Temperature . By Eger Griffiths, 
D.Sc., with an Inttoduction by Principal E. H. 
Griffiths, F.R.S. London: Charles Griffin and Co. 
Price 8s. 6d. net. 

At the present time, when the measurement of temperature 
is becoming of daily increasing importance, the above 
volume is very welcome. The author, who holds the 
position of Assistant in the Heat Department of the 
National Physical Laboratory, records bis indebtedness to 
Sir Richard Glaxebrook, by whose permission be is 
enabled to give descriptions of the spparatus now in use 
at the National Physical Laboratory. 

Mach attention has been devoted to the experimental 
basis of the temperature methods in general use and to 
the calibration of the instruments. A good account is 
given of the evolution of the gas thermometer, by which 
it b** become possible to construct an absolute scale of 
temperature ranging from — aoo° to 1550° C. 

Chapters are devoted to discussion of the resistance 
thermometer, the thermo-couple, and to the fourth-power 
law of radiation, and total radiation pyrometers, and a 
loll account is given of the latest determination of high 
temperature melting-points. ... 

The work is very well illustrated throughout, and will 
form a very valuable reference book for the laboratory. 

ABC Five Figure Logarithms and Tables for Chemists 
By C. J. Woodward, B.Sc. New Edition. London 
E. and F. N. Spon, Ltd. New York: Spon and 
Chamber lain. Birmingham : Cornish Brothers. *9*7 
Pp. 76. Price 3s. net. 

In the new edition of this bandy little book the Inter 
national Atomic Weights of 1917 substituted for those 


and inorganic compounds ; but, on the other hand, there 
is sometimes much material not to be found in such books 
and comparatively difficult to obtain except from large 
and expensive treatises. As a rule, analyticsl data and 
methods are not included, but the book contains accurate, 
if brief, descriptions of methods of preparing a large 
number of technical products. 

A Laboratory Outline of College Chemistry . By 
Alexander Smith. London : G. Bell and Sons, Ltd. 
1918. Pp. vi+206. Price 3s. net. 

This book contains a course of experimental work 
designed to accompany the author's 11 Chemistry I or 
Colleges,” or it might be used with the “ Introduction to 
Inorganic Chemistry,” to which cross references are given. 
The quantitative aspects of practical work are emphasised 
in the book, and the training in thoughtfulness, accuracy, 
and carefulness which the user would receive must be of 
the utmost value to him, whether he is to make chemistry 
bis life’s work or not. The length of the course would 
probably make it necessary to omit some of the expet i 
mental work for the purposes of the average student, but 
this could easily be done as each chapter is sub-divided 
into a number of independent paragraphs. A special 
feature of the text is the introduction of many questions 
the answering of which would require careful observation 
and reasoning, and in some cases references to text-books 
for fuller information than could be obtained by the 
student himself. 


Year Book of the Bureau of Mines , 1916. By Van H. 
Manning. Washington : Government Printing Office. 
Pp. ix+ 174. Price 30 cents. 

This bulletin describes tbe work done bv tbe Bureau of 
Mines during 1916 in studying methods of improving the 

.. , , mining industries, both as regards the safety of the workers 

of 1910 and the necessary new factors have been cal- an «| economy in working. Tbe msin divisions of the 
culated and inserted. Some tables for the analysis of Busan deal respectively with mining, fuels and mechanical 
mixed acids are given for the first time, with examples and equipment, mineral technology, petroleum technology, 
methods of using them, and some fresh miscellaneous data an d metallurgy, and the work which has been undertaken 
are included. The full introduction explains the use of a ( tbe experimental mine, and also laboratory tests, are 


work form an important part of tbe first section, and many 
measures for promoting the health and safety of miners are 
explained. The section on fuel investigation contains 
some extremely useful suggestions for bringing about 
greater efficiency in the preparation, treatment, and use of 
fuels, and the Bureau is doing a valuable work in 
systematically carrying out investigations and publishing 
the results. 


logarithm table* so clearly that no previous mathematical | very fully discussed. Descriptions of rescue and first aid 
knowledge will be found necessary in order to work out I — l of th« firat ration, and m#n* 

even fairly complicated calculations. The book contains 
hydrometer tables, thermometer conversion tables, and 
much other information which is constantly required in 
chemical and metallurgical laboratories. 

Elements or Industrial Chemistry . By Allen Rogers. 

An Abridgment of “ Manual of Industrial Chemistry,” 
written by Forty Eminent Specialists and Edited by 
Allsn Rogers. London : Constable and Co., Ltd. 

1917. Pp. viii+513* Plic€ I28 * 6<S * net - 
This book can be recommended for the use of first year 
students in technical colleges who have only a very 
limited time at their disposal for applied chemistry but 
who need a comprehensive survey of the whole field of 
technical chemistry before they special* te in any one 
branch. Engineering students might also find the book 
metal as a summary of the main outlines of industrial 
chemistry. Comparatively little detail is given, but the 
acope of the book is very wide and no industry of any im 
oortance is left entirely unnoticed, although some have to 
be treated very shortly. In the first chapter a survey is 
given of general processes and appliances, American 
machinery being chiefly described, and then the various 
technical products are discussed in short chapters, be- 


Annuaire pour VAn 1918 Publii par le Bureau des 
Longitudes, (“Annual for the Year 1918 Published 
by the Bureau des Longitudes’*). Paris: Gauthier 
Villars et Cie. Pp. viii+676+63. Price a francs net. 
In this volume some articles and tables which have appeared 
in former issues have been omitted, their places being 
taken by new matter. A thorough revision of all the data 
has been carried out, and a certain amount of rearrange- 

— . v . . . . , ment has also appeared advisable. Amongst the physical 

Comparatively little detail »s given, but tbe l tn( j c jj ein j ca j tables new data relating to thermometry 
. J ,m have been included for the first time, and some new 

articles have been inserted. The Annual contains very 
comprehensive tables of astronomical information and 
will oe found invaluable by astronomers. 

The Aah of Leather and Tobacco.— With 4 per cent 

in- 


SminTwith water and fuels. The information is neces- The Aah of Leather and Tobacco.- With 4 per re 
Lrilv stated very Mccinctly, and tome idea ol the amount and la per cent ash respectively, chrome leather may be 
AfiLit.il riven may be gathered horn the fact that only dicatcd by shredding and mixing with an equal quantity of 
“I Tl™ .re allotted to fuels, and of these a considerable tobacco and igniting ; the test answers by similar applica- 
L ^T .inn hs. to be devoted to illustrations. In some tion to tbe small amount of lead chromate used in some 
E2T u not moch more than the student would learn textiles, and such quick methods are needed in the 
fcoen the or dinar y school text-book of inorganic chemistry, laboratory ; the Mb left <s of a slight yellow tint.- J. C. 
H lot example, in the chapter dealing with tbe elements Thomumsom, B.Sc. 
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CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 

Comptes Rendus Hebdomadaires des S tanas de V Academic 
des Sciences . Vol. clxvi., No. 9. March 4, 1918. 

Reduction of CH 2 I Group fixed to Nitrogen.— 
Amand Valeur and Emile Luce.— Methylene iodide com- 
bines with des dimethylpiperidine, fixing its-. If on to the 
atom of nitrogen. The addition product, the iodide of 
1.4-iodometbyldimetbyl pentene ammonium, fixes HI 
giving the saturated iodide, — 

CH 3 .CHI.CH 2 .CH 2 .CH 2: N(CH 3 ) a .CH2l.I, 
which, on being treated with moist silver oxide and then 
KI, loses a molecule of HI to give an homer of the first 
addition product, viz., the 1.3 product. By the removal of 
the two atoms of iodine from the saturated product the 
piperidic nucleus can be reproduced. 

Solid Hydrate and Alcoholate of Dicyclohexyl- 
amine.— Gustave Fouque.— When dicyclohexylamine i3 
poured into water at a temperature below 23° it rapidly 
forms a white crystalline hard mass, which is the hydrate, 
NH(C 6 Hn) 2 H 2 0 . It is only slightly soluble in water ; it 
melts at 23 0 , giving two liquid layers ; the upper, rich in 
amine, may be regarded as a solution of water in the 
amine, while the lower, which is rich in water, is a solu- 
tion of the amine in water. DicyclohexyLainine is miscible 
in all proportions with ethyl alcohcl, but if the temperature 
is not too high a solid alcoholate containing one molecule 
of alcohol can be obtained. 


Scientific and Laboratory Glass Ware.— The latest 
catalogue of The Wood Brothers Glass Company, Ltd., 
Barnsley, shows that they have a full stock of laboratory 
and scientific glass ware of all kinds, including graduated 
apparatus. The flasks and beakers are made in two 
qualities, the better of which possesses the highest resistant 
properties, and is equal to the best Jena glass. Those who 
are interested in laboratory equipment and are thinking 
of getting in fresh supplies should not fail to write for a 
copy of this catalogue. 


'J'O comply with Regulation 8 (6) of the Defence of the Realm 
Act, advertisements from firms whose business consists 
wholly or mainly in Engineering, Shipbuilding, or the production 
of Munitions of War, or of substances required for the production 
thereof, must include the words ** No person resident more than 
ten miles away or already engaged on Government work will be 
engaged." 

A NALYTICAL CHEMISTS. — Assistants 

required, over 23 or ineligible for Army. Experienced Analysts. 
Steel works experience preferred, but not essential. No person already 
engaged on Government work will be engaged.— Apply your nearest 
Employment Exchange, quoting reference No. A 5611. 

A ssistant Metallurgical Chemist (Male or 

Female) for large Engineering Works in Mar cheater District ; 
must have experience of general analysis of high speed and other alloy 
steels. No person already engaged on Government work will be en- 
gaged.— State age, qualification, and salary required to your nearest 
Employment Exchange, mentioning No. B 23a. 


No. 10, March 11, 1918. 

Colorimetric Determination of Tungsten. — M. 
Travers. — The author has already described a colori- 
metric method of determining tungsten, based upon re- 
duction by titanous chloride, giving a blue oxide, which 
remains in colloidal suspension in certain conditions. The 
coloration has been found to be sensitive to variations in, 
the acidity of the liquid, and the reaction U not applicable 
in presence of vanadium, phosphorus, or molybdenum. 
Vanadium gives difficultly reducible tungsto-vanadates, 
phosphorus gives a precipitate of titanium phosphate, 
while molybdenum alters the coloration and renders it 
unstable. Hence these three elements must first be 
eliminated. 


MISCELLANEOUS. 


Institute of Chemistry.— Pass List — The following 
candidates were successful in the July Examination for the 
Associateship : — In Organic Chemistry : William Henry 
Craven, B.Sc. (Lond.) ; in the Chemistry of Food and 
Drugs, &c. : Ella Caird. 

The Sanitas Company, Ltd. At the Twentieth 
Ordinary General Meeting of this Company the Directors 
recommended the payment of a final dividend of 4} per 
cent less Income Tax (making, with the interim dividend 
already paid, a total distribution of 8 per cent for the 
year), placing to Reserve the sum of ,£2861 and cariying 
forward a balance of ,£3193 to the next account. 

Royal Institution. — A General Meeting of the 
Members of the Royal Institution was held on July 1st 
Sit James Crichton Browne, M.D., F.R.S., Treasurer, in 
the Cha<r. Thomas Glover was elected a Member. His 
Grace the Duke of Northumberland was elected President, 
and Sir Thomas Wrightson, Bart., was elected a Visitor. 
The Treasurer announced that the Managers had ap- 
pointed Sir James Dewar, F.R.S., Fullerian Professor of 
Chemistry. 

Saponification and Leather. — All kinds of boot 
leather treated with linseed oil and ordinary boot-wax, i.e., 
mixtures of turpentine, beeswax, paraffin, cerisin, &c., 
are admirably preserved ; the application being made with 
the same cloth is of the nature of saponification. — J. C. 
Thomlinson, B.Sc. 


A ssistant Chemist wanted, either sex (if male, 

1 *■ non-cligiblc for Military service). — Apply, giving age. experi- 
ence, and salary required, to Manager, Co-operative Wholesale 
Society, Ltd., Soap Works, Irlam, near Manchester. 


phemists, Men or Women, with University 

^ training, wanted by Messrs. Curtis's and Harvey, Ltd., for one 
of their Explosives Factories — Reply, Box 714, care of Le-thwait and 
Simmons, 3, Birchin Lane, E.C. 3. 


RESEARCH CHEMIST and ELECTRO- 

METALLURGIST, now Manager, open for immediate 
Appointment. Research, erection, design, running costing, sales, 
munitions returns, Metallurgical, Chemical, or Electrical plant. 
Public School, Works, University, and Banker's references.— Wiite, 
Box iC3, Willing’s, 125, Strand, W.C. 2. 


Cecretary (age 28 to 40) required by a large 

Chemical Manufacturing Company heavily engaged in War 
work. High-class Secretarial and Accountancy training, experience, 
and qualifications essential. Must be well up in Company Law and 
War Legislation as affectirg industrial companies. Previous experi- 
ence in Chemical trade highly advantageous. Remuneration will cor- 
respond to the above high standard of requirement. A substantial and 
permanent Position is open to a suitable man. No one already 
engaged on Government work or living more than ten miles away need 
apply.— Write, Box 87, Willing’s, 125, Strand, W.C. a. 


\A7orks Analytical Chemist required. One 

’ * conversant with Soap Manufacture, Nicotine Extractions, and 
Agricultural and Horticultural Preparations. State full particulars 
and salary required.— Address, W. A , Chemical News Office, 16, 
Newcastle Street, Farringdon Street, London, E.C. 4. 


* * R 1407 Griffin's List, page ; 
Preston, 105, Barker's Pool, Sheffield. 


\A70rks Chemist wanted by Paint, Colour, and 

, y Chemical manufacturers near Loudon Assistant Chemist 
also required. Ladies invited to apply —Write, statiog qualifications, 
experience, and salary required, to “ Paint,” Chemical News Office. 
16, Newcastle Street, Farriugdon Street, London, E.C. 4. 


ORDER THE PAPER. 


In consequence of the “ No Returns Order*’ of the 
Government, readers of the “Chemical News” are 
requested to ensure a regular supply of the paper by 
placing an order with their Newsagent. 
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8PEC1AL NOTICE TO SUB8CRIBER8. 


We regret to announce that the recent paper 
restrictions will compel us for a period, until we 
can secure our usual supply of paper* to publish the 
Chemical News fortnightly instead of weekly. 

The price will not be altered, except as regards 
the subscription price, which, until further notice, 
will be calculated at £1 for fifty-two numbers, or 
fro rata . 

Subscribers will please note that the respective 
expiration dates of their subscriptions will be 
extended accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their extended 
subscription periods. 

The next issue (No. 8005) will be published on 
August 30th. 


THE FUTURE OF PURE AND APPLIED 
CHEMISTRY.* 

By Prof. WILLIAM JACKSON POPE, C.B.E., D.Sc., F.R.S. 

One of the most pleasurable events of annual recurrence 
during my younger days was the Presidential Address to 
the Chemical Society; it was generally a carefully pre- 
pared discourse on some technical subject of which the 
author was a master, and always left a lasting impression 
on the mind of the apprentice to our science. The long 
list of past Presidential Addresses to our Society con- 
stitutes a maturely reasoned history of the development 01 
chemistry during the last seventy years. 

For three years past pure chemical research has been 
dormant the whole world over, and it would be difficult for 
the most accomplished essayist to arrest your attention for 
an hour by an address on a subject of purely academic 
interest. Our mental point of view and our outlook upon 
both present and future are entirely different from those 
of four years ago ; although the present is obscure and 
painful, the future gives promise of brilliant and rapid 
developments in natural science in general and in chemis- 
try in particular. In this belief I venture to lay before you 
some reflections upon the growing recognition of the 
importance of our science and upon the responsibilities 
with which, owing to this change in public opinion, our 
shoulders art laden. 

I have often heard the statement made by men who 
have grown old in the service of science that chemistry, 
and particularly applied organic chemistry, is a subject in 
which the British nation can never excel; that minute 
attention to detail, coupled with the power of organisa- 
tion and co-operation, entails something antipathetic 10 
the British character ; the Germans, we know, have often 
ex pressed this view. The events of the last three y*®** 
have sufficed to dissipate this fallacy for ever. The 
manner in which Great Britain, cauaht in the autumn of 
1914 with scarcely any resources in the shape of equipment 

• Pvesldeatial Address dslirered «t the Annual General Meeting of 
Ike Chemical Society, March si, 1918. 


for the manufacture of fine organic chemicals, has rapidly 
become a larger producer of explosive, pharmaceutical, 
photographic, and other essential chemicals than Germany, 
will remain an enigma to the historian of these present 
times. The obscurity which surrounds this rapidly 
executed operation is not diminished by the existence of 
difficulties which have naturally acted aa inhibiting agents. 
This country enjoys in a greater measure than any other 
State a representative Government ; in spite of the many 
advantages of such a form of Government, the fact re- 
mains that it necessarily admits of no representation of 
any phase of public opinion which is not loodly and 
insistently expressed. Science baa always been in this 
latter position ; it has been unvocative. During the first 
few years of the nineteenth century, Dalton enunciated 
the atomic theory, Thomas Young stated the undulatory 
theory of light, and James Watt invented the ateaim 
engine, and by these events ell the amenities of human 
life have been revolutionised ; indeed, they have exercised 
vastly more influence on the well-being of our race than 
did tne Napoleonic wars. So accustomed are we, how- 
ever, to routine habits of thought that most of ua would 
probably answer, in reply to a suddenly posed question, 
that the battle of Trafalgar was the most pregnant event 
of the first quarter of the nineteenth century. 

A brief moment of reflection would lead ua to correct 
this hasty statement. Sodium was discovered by Davy in 
1807, and benxeneby Faraday in 1823. From sodium we 
obtain sodamide, the prime agent in making artificial 
indigo an economic possibility ; the separation of bensene 
from coal-tar led by logical sequence to the production of 
Perkin's maove and of thousands of other synthetic 
colouring matters, and to the manufacture from coal-tar 
anthracene of synthetic alixarin, the first heavy blow aimed 
at the position of the Turkish Empire, involving aa it did 
the ruin of the Turkey-red or madder industry. The first 
practical process for making aluminium depended on the 
use of Davy’s sodium, and with the aid of Davy's safety- 
lamp 250,000,000 tons of coal are mined annually in this 
country with comparatively slight risk. Faraday's early 
investigations on the chemical aspects of electrolysis and 
his studies on magnetic induction led immediately to the 
invention of the dynamo, and, through Clerk Maxwell, to 
the introduction of wireless telegraphy ; this one branch 
of Faraday's investigations, in point of fact, constitutes 
the ground work of the whole stupendous vista of results 
of the general introduction of the electric current into 
modern life which is so familiar to us all. Cavendish's 
early production of nitric acid by the passage of an electric 
spark through air, reproduced on an enormously larger 
scale, ia now furnishing Central Europe with the nitric 
acid without which no explosives could be manufactured. 

The above-mentioned and multitudes of other funda- 
mental discoveries in physical and chemical science were 
made almost within a atone's-throw of this room ; most 
of them were made in the Royal Institution, and all of 
them by an expenditure of money infinitely small as com- 
pared with their present-day effects. . 

Anyone who is in the habit of reading modern historical 
writers— and they have become quite illuminating since a 
scientific mode of writing history has been substituted for 
the older fictional style -knows bow political changes, 
national reforms arising from an effort of the collective 
conscience, the magnetic influence of some popular 
demagogue, and the like, ere invariably invoked aa 
explanatory of all the vicissitudes of our planet. 

The modern historian ia here taking a false point of 
view, and, since he is, in general, quite unacquainted with 
physical science, bis methods art inadequate. The whole 
history of Europe for the last century has been made 
within a few hundred yards of Burlington Hooaa in oar 
scientific laboratories. One of the moat potent incentives 
to political changes resides in the desire to increase the 
amenities of life, and research in pure science hia had for 
a hundred years past the greatest influence in facilitating 
the realisation of that desire. Co-operative effort, one of 
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the roost striking aspects of modern life, only became 
possible when science provided the facilities for municipal 
power schemes, for telegraphic connexion over the whole 
world, and for the concentration of production in definite 
centres. Chemical science is still furnishing the means for 
further revolutionary changes ; during the last few years 
we have seen great technical developments of purely 
scientific discoveries - the work of Dewar on the lique- 
faction of gases, and that of Cross and Bevan on viscose 
and artificial silk, both of which have led to the profitable 
utilisation of vast amounts of capital— and it is as yet 
impossible to indicate the ameliorations of the conditions 
of human life which will inevitably result from contem- 
porary chemical investigation. 

In a time of crisis like the present, British custom tends 
towards the replacement of unreal conventions by what is 
really vital ; we have been engaged upon this operation 
for several years. Whilst previously unheard-of changes 
have succeeded each other kaleidoscopically in the national 
constitution, in the political parties in power, in the 
freedom of the subject, and in hosts of other ways, the 
nation has recognised that science is the only real maker 
of history. The whole Empire is now one vast chemical 
and engineering laboratory, and we even live on a scientific 
ration of so many calorific units. It is obvious that 
chemistry, with physics, engineering, preventive medicine, 
and others of the natural sciences, which previously had 
no imperialistic position, because powerless to make or 
break a Government, have become the pivot on which 
turn all our hopes of retaining an independent national 
existence ; it has been suddenly realised that supremacy 
in these branches of knowledge is vital to our country. 

The time is approaching when this state of affairs will 
change ; neglect of the natural sciences will then no longer 
put us in danger of sudden extinction, but, as was taking 
place years ago, will lead to our slow certain downfall a9 
a nation. The responsibility is placed upon our scientific 
men of taking such measures as will ensure that the old 
order is not re-established, that science makes her voice 
heard in our national councils, and that policies of drift 
are for ever abandoned. 

We have in this country three large and long-established 
organisations devoted to various phases of chemical 
science : the Chemical Society, the Society of Chemical 
Industry, and the Institute of Chemistry. Is it too much 
to ask that these three representative bodies, with p:rhaps 
the newly-founded Association of British Chemical Manu- 
facturers, and ultimately all the other cognate but more 
specialised interests, should set up a watchful and alert 
joint Council wiih directions to consider national questions 
in which any of the varied interests of chemistry are con- 
cerned, and to make such representations to our 
administrators as would voice the corporate view of the 
joint body. 

I am inclined to think that, had such a body been »n 
existence several years ago, much that has been accom- 
plished in the interval by somewhat devious methods 
would have been better done. One instance will occur to 
everyone : that of the much-debated question of the re- 
establishment of the coal-tar colour industry in Great 
Britain. The scheme adopted by the Government for 
resuscitating this phoenix in our country, after its past 
thirty years of profligate productivity on the Continent, 
was launched without scientific advice ; the Cabinet 
'mouth-piece, indeed, declared that the directorate of the 
company was not to include men of scientific knowledge, 
on toe ground that a director who knew something about 
the business of the company would have an advantage 
over his less well-informed colleagues. 

Owing largely to the fact that we possess no strong 
collective council, representing the combined academic, 
scientific, and industrial aspects of our science and capable 
of representing them before a representative Government, 
it may be argued that we chemists are not altogether 
blameless for the particularly blundering way in which 
particular errors have been perpetrated by the responsible 


officials. Whilst we should be thankful that our blunders 
have not led to our destruction, we should proceed without 
further delay so to organise the resources of chemistry 
a6 to make it possible to enforce the adoption of scientific 
methods and modes of thought by authorities to whom 
these are yet strange. 

The serious character of the British position in connec- 
tion with the coal-tar colour industry becomes more 
tvident when one considers that this is a key industry; 
upon it depend the textile, paper, photographic, and 
pharmaceutical industries. The total capital employed in 
the organic dye industry in Great Britain is between four 
and five million pounds, whilst the capitalisation of the 
German coal-tar colour firms is of the order of fifty 
million pounds. The need for greater and more intelli- 
gent activity in this direction is obvious ; unless national 
enterprise can be stimulated into providing adequately for 
the manifold requirements of Great Britain and her 
Colonies in all those industries which depend on coal-tar 
colour manufacture, we shall be again in the hands of the 
foreign producer. 

The control of a national dye scheme by business men 
with no real feeling for the enterprise on which they are 
engaged renders it fairly certain that the wider aspects of 
coal-tar colour manufacture w ill be neglected. The inter- 
weaving of the colour interests with those of synthetic 
pharmaceutical, photographic, and other chemical in- 
dustries is essential to success. The utilisation and 
development of the resources of the Empire in natural 
colouring matters such as indigo is necessary from a 
national point of view. The careful study of our own and 
other codes of Patent Law in their bearings upon the fine 
chemical industry is also important. These weighty 
questions cannot receive adequate consideration from any 
purely lay body. 

It is mournful but instructive to compare our present 
position in the coal-tar industry with the prospects which 
that branch of applied chemistry exhibited to Great 
Britain in early days. The first coal-tar colour was made 
by Perkin in 1856, and in 1862 Professor A. W. von 
Hofmann, one of the foremost chemists of the day, a 
German, domiciled in this country, painted an alluring 
picture of the future in store for us. Said he : — “ England 
will, beyond question, at no distant day, become herself 
the greatest colour producing country in the world, nay, 
by the strangest of revolutions, she may, ere long, send 
her coal-derivcd blues to indigo-growing India, her tar- 
distilled crimsons to cochineal producing Mexico, &c. w 
When we contrast this dazzling prospect, made by one of 
the most far-sighted of contemporary German chemists, 
with the actual situation, we cannot but ask why the event 
fell so miserably behind the forecast. The reason, in my 
opinion, lies in the fact that opulent, indolent Great 
Britain has for the past century permitted all its educa- 
tional interests to pass into the hands of a particular caste 
which despists all knowledge difficult to attain, and, to 
camouflage it* own idleness, has always pressed the notion 
that a first-hand knowledge of the facts of natural science 
and the conclusions to be drawn therefrom is unimportant, 
and that the young man cr young woman does his or her 
best in the world if thrown into it entirely destitute of any- 
thing but an tvanescent acquaintance with certain classics 
and a decided t^te for so-called learned leisure. The 
greater among the ancients were creators of new know- 
ledge as well as masters of the whole accumulated world’s 
stock of information ; their successors, unproductive of 
positive knowledge and very ignorant of the great changes 
taking place around them, can but wonder at and comment 
vaguely on the genius of Archimedes and Aristotle, and 
necessarily despise the achievements of Newton and 
Kelvin, their modern prototypes. Illustrations of the 
stultifying effect of a purely classical education are laid 
before us every day ; one recent example may be quoted 
here. The gentleman who shares with Mr. A. J. Balfour 
the honour of representing in Parliament the greatest 
centre of business and financial activity in the world made 


Digitized by 


Google 



hbmical News, • 
Aug. 16, 1918 * 


26 7 


Future of Pure and Applied Chemistry 


the following statement in the House of Commons recently 
whilst opposing Mr. Fisher’s Education Bill: — “It was 
said that education was necessary to make the rising 
generation good business men. Hin experience in the 
City was that the man who took Firsts at Oxford 

generally came out last, and that the man who could 

hardly write his name generally came out firs t. The 
explanation was that education could not put into a man 
that instinct of self-preservation and common sense which 
was the foundation of all success in business. How 
could education assist a farm labourer to spread manure 
on a field ? The best labourer he had known was wholly 

illiterate. If the waste of the war was to be replaced it 

would be necessary for the young to start as early as 
possible in doing a day’s work, instead of wasting time on 
useless book learning.” This representative of the City 
of London it a baronet of recent creation and a director of 
one of the largest London banks and of one of the most 
important English railroads; he received bis “education” 
at one of the oldest and most rigidly classical of our 
great public schools. Comment is probably unnecessary. 

Every scientific man in the world realises that an 
innate appreciation for fine literature, for great thoughts 
nobly expressed, and for the appropriate delineation of our 
greatest aspirations, are among the most sublime instincts 
of humanity and demand the most careful cultivation. 
Oar literary men say that we cannot express ourselves 
effectively, and offer as a satisfying feast the old bones left 
os by the Greeks and Latins, chewed over for centuries 
until so devoid of nutriment that they led ultimately to the 
mental atrophy which characterised the Middle Ages, an 
atrophy that was only shaken oft by the taste for know- 
ledge which arose from the exploits of geographical science 
in the Elizabethan period. 

If the power of expression rests with our literary friends, 
why are they so idle ? It is their obvious duty to devote 
themselves to popularising the natural knowledge acquired 
by the scientific observers of the past two centuries ; this 
real learning has so infinitely extended human interest in 
the world around us and gives such promise of further 
conquests that an appeal for its consideration would 
certainly net have been made in vain to Plato or Lucretius. 
No one asks for the abolition of classical literary learning, 
but the whole world is now demanding that the young 
should be proviJed with an education which includes an 
insight into our present-day knowledge of the universe. 

The rather petty disputes which rage about this matter 
of classical and scientific education are one-sided ; the 
scientific man generally knows something of both aspects 
of the subject, whilst his classical compeer rarely has any 
acquaintance with science. Unfortunately, the great 
questions involved have more than a petty bearing upon 
the well-being of our nation. The classical school has 
held our country in such bondage that, to all practical 
intent, no person can be admitted to the higher public 
service unless he swear adhesion to the caste. It is 
almost regarded as a platitude that acquaintance with 
natural science disables a man from fulfilling any high 
public office ; practically all the. superior positions in the 
Civil and Diplomatic Services must be filled by men of 
classical instincts. 

I venture to think that the wisdom of this mode of 
■election has been seriously impugned during the last four 
years. The huge Government departments which have 
arisen of late may be divided roughly into two classes — 
those staffed by men of some scientific training and those 
stiffed by classical university graduate*. Anyone who 
has bad occasion to note the numerous recent criticisms 
on Government departments must have observed that these 
strictures have almost invariably been passed on admini- 
strative branches of the service ; delay, the encumbrance 
of red-tape, and inability to draw a decision, stem 
indigenous in certain Government offices, and none of the 
numerous attempts at reform has been successful. The 
administrative services are these in which the classical 
man is predominant. Other branches, such as the home 


Army Medical Service, have practically never been 
charged with inefficiency ; the werst that has been alleged 
is a suggestion of extravagance. 

The department just named is staffed by men who have 
bad, at least, the rudiments of a scientific education ; if 
control in the Royal Army Medical Service had been 
vested in the classical scholar of ability but no knowledge, 
it is certain that the last three years would have seen a 
repetition of the horrors of the Crimean campaign, and 
that the army mortality from disease would have been 
greater than that caused by the ordinary instruments 
of war. # 

Such a control, happily, has been avoided ; it has been 
avoided merely because medicine possesses the collective 
organisation for which I plead in chemistry, an organisa- 
tion so strong as to make the imposition of an irresponsible 
lay control unthinkable. 

I have already directed attention to the frequently 
expressed opinion that, as a nation, we are incapable of 
excelling in the fine organic chemical industry ; let me 
quote one instance, smalt in itself, but large in its conse- 
quences, in disproof of this view. 

The ordinary photographic plate is sensitive only to a 
region in the blue of the spectrum, but by incorporating 
certain rather fugitive organic dyes with the sensitive film, 
the latter may be rendered sensitive to the green, yellow, 
and red parts of the spectrum ; photographic plates so 
treated are described as panchromatic. The quantities of 
the sensitising dyes required for the whole world’s con- 
sumption in normal times is minute, being, indeed, of the 
order of a few pounds per annum. Until 1915 these sub- 
stances had never been made outside Central Europe, 
and little was known by us of their compositions or of the 
methods of preparing them, as they were all sold under 
trade names. The manufacture of these materials, small 
as was the whole business, bad been industriously 
cul ivated by the German colour works, and, as these 
colour sensitisers are essential in aerial photography, their 
scarcity became of serious import quite early in the war. 

The experimental investigation of the whole subject 
was quickly put in hand in this country, and Within a few 
months ample supplies of the usual sensitisrrs were pro- 
duced. Further, the newly established Department of 
Scientific and Industrial Research financed the develop- 
ment of the study of photographic sensitisers ; as a result 
of this action new sensitising dyes have been produced 
which are far superior to the older ones. It is safe to 
assert that the manufacture of panchromatic plates has 
now attained a degree of perfection in this country such 
as will long defy competition. 

This is but one case that may be quoted from among a 
host of others, all of which prove conclusively that, given 
a little encouragement and assistance, British chemistry 
is capable, not only of giving much needed relief in this 
time of strain, but of meeting every demand which can be 
made on it when the period of reconstruction commences. 

Whilst the absence of the powerful weapon provided by 
a collective chemical Council, embracing all interests of 
the science, has made it impossible for us to render the 
most economical service to our country, it is perhaps 
satisfactory to reflect that hitherto ail that has been 
sacrificed is economy. Our lack of power to enforce our 
views has led to financial extravagance on the part of the 
authorities ; the lack of economy in time, which means 
lives, cannot be attributed to our chemists. The duty will 
fall to some future President at some later time to record 
the spontaneity with which the Fellows of this Society 
volunteered for service in cur chemical woiks, cur 
munition factories, and with the Colours either in our 
gas service or elsewhere. 

One aspect of this question, however, calls loudly frr 
attention. Fcr several years past cur teaching stalls 
have been depleted, and but a small frncti in of the normal 
number of young men have hem able to present them- 
selves for training in chemistry. Whilst the prrtcnt 
demand for capable young chemists is vattly in cxces . of 
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the supply, an even more serious situation awaits as in the 
fatnre. If hostilities were to cease to-morrow, five years 
would be needed before our colleges and universities could 
begin to supply the large numbers of yoang chemists 
which will be requited for the development of the future 
great fine chemical industry of this country. 

Surely this is a matter which should engage the serious 
attention of the country. If it prove necessary to import 
young chemists from neutral nations to man our recon- 
struction schemes a handicap will be established which we 
may never outrun. The adoption of some scheme by 
which a sufficient number of juniors can be provided to 
help in the great developments which the future has in 
store for the scientific industries of the country is of the 
utmost importance. 

It is impossible to reflect on the desirability of a closer 
co-operation between the large societies representing 
chemistry in Great Britain without foreseeing many direc- 
tions in which such a union would be of value. As in 
every time of awakening, there exists at present a great 
feeling of unrest among the younger members of our pro- 
fession; of late quite a number of propositions for 
the formation of new scientific societies have been 
promulgated, and all for the purpose of placing more 
power in younger hands and for ensuring to the 
juniors more security of advancement. The final 
objects of these propositions, so far as I have under- 
stood them, are entirely praiseworthy, but it is to be 
feared that the methods suggested for their attainment are 
not always such as appeal to older and more experienced 
people as likely to prove successful. If we chemists 
collectively were in possession of some more centralised 
organisation, such an one, for example, as is represented 
by the Chemists' Club in New York, with facilities for 
hospitality, meetings, library, laboratory accommodation, 
and the like, no question could ever arise of the creation 
of a new chemical body unconneeted with the main 
organisation. A new and vigorous issue of the parent 
organisation would shoot at appropriate intervals, and 
would remain contributing to the strength of the family 
under the original patriarchal roof. We greatly need a 
central home of all the chemical interests in the country, 
and premises several times as large as the Chemical 
Society rooms, to use as a club, of which every chemist in 
the country would be a member. The question of the 
necessary expansion of the Library, which is occupying 
the earnest attention of your Council, would find an easy 
solution in such a pooling of interests. 

Notwithstanding that, during the past forty years, much 
has been done to facilitate the entrance of talented and 
promising young men into the scientific professions, far 
more progress must be made in this direction if we are to 
regain for Great Britain the paramount position she once 
held in scientific discovery. The Natural Science Depart- 
ments in every university in the country call for expan- 
sion in personnel, laboratory space, and equipment, and in 
provision for post-graduate research work ; whilst scholar- 
ships for students in training are fairly plentiful, the 
difficulties which face the advanced student who needs 
to spend, and who would benefit immensely by spending, 
several years on original research, are often insurmount- 
able. Every professor of chemistry in tbe country can 
recall many instances in which he has had to send his 
students into technical life at too early a period, simply 
because it bas been impossible to secure for a good man 
the ,£150 or £200 per annum necessary for living 
expenses ; the provision of this small sum would, in many 
cases, convert a half- trained chemist into a far greater 
asset to the State. 

Whilst a collective effort, exerted by all the interested 
branches of out science, to ensure the efficiency of the 
newly-established organisations for furnishing the requisite 
relief, is urgently desirable, it should be noted that it will 
become increasingly difficult to retain students capable of 
taking leading positions for a sufficient time to ensure their 
proper training. Daring several years past I have been | 


visited by gentlemen representing large chemical in- 
dustries who have walked round my research laboratories 
to sort out the workers and to make overtures to such as 
they judged suitable for their own work ; tbe pressure thus 
exerted upon tbe universities to force the premature 
delivery to the works of the best men they have in 
training will necessarily increase with the coming still 
greater demand for technical chemists. 

The intellectual professions may be roughly classified in 
two categories : the productive and the parasitic. Those 
of the productive class, which includes all scientific 
workers who produce new knowledge, are, in general, 
poorly remunerated ; their practitioners are ordinarily so 
intensely held by the interest of tbe work in hand that they 
have little inclination to divert their energies to the neces- 
sary extraction of higher emoluments. The parasitic 
class, on tbe other hand, have always been able to com- 
mand ample remuneration for their labours ; the reasons 
for this difference are various, and need not now be 
detailed. It may be noted, however, that at tbe jubilee of 
this Society in 1891 tbe veteran, Sir W. R. Grove, who in 
bis young days did so much to develop chemical science, 
told us that he was led very reluctantly to desert chemistry 
for tbe Law because “ tbe necessities of a then large family 
gradually forced me to follow a more lucrative pursuit.” 
Tbe autobiography of tbe late Lord Playfair tells a 
precisely similar tale. Neither of these men is now re- 
membered by anything beyond tbe great achievements in 
chemical science of his early days. 

The fact emerges that if science is to retain in its 
service such a proportion of tbe most powerful intellectual 
and creative talent of the Empire as will suffice for our 
progress as a nation, some method must be devised for 
securing to its followers appropriate emoluments com- 
mensurate with those now allocated to tbe non-productive 
professions. 

This is not only necessary in connection with those 
purely utilitarian branches of chemical science to which I 
have already directed attention, perhaps too insistently, 
for illustrative purposes. A great danger exists at present, 
and will grow in the future, that the enormous productive- 
ness of experimental science will overshadow the im- 
portance of scientific work of less immediate utility. It 
would be a great calamity if pure science were neglected 
in favour of the cultivation only of natural knowledge 
which gave immediate promise of beneficial material 
results. One of the most important functions of any 
expression of collective chemical interests such as I have 
foreshadowed would be to ensure that pure unproductive 
acientific research should be retained on an even higher 
level than that assigned to immediately productive original 
investigation. 

At the present time, physics and chemistry are merging 
into one ; we foresee that the near future will furnish ua 
with still broader views of the universe and will mark a 
new development more illuminating even than tbe great 
advances which followed Dalton’s atomic theory and all 
its nineteenth century sequences. No material interests 
must be allowed to check this stupendous expansion of 
our knowledge. 


Rapid Characterisation of the Sulphuric Ion in 
Insoluble Sulphates.— G. Deniges. — The method de- 
pends upon tbe fact that insoluble or slightly soluble 
sulphates on prolonged contact with a suitable mercuric 
salt give a crystalline precipitate of trimercuric sulphate 
which can be recognised by its appearance under the 
microscope. Ten grms. of crystallised mercuric nitrate 
are dissolved in 100 cc. of water containing x cc. of nitric 
acid. If a minute quantity of calcium sulphate is treated 
with this reagent it turns yellow immediately, owing to 
the formation of trimercuric sulphate. With calcium sul- 
phate tbe transformation is slower in the cold but 
instantaneous on heating. Lead and barium sulphates 
give the same resalts.— £«//. Sot. Chim. d* Franc * , 1918, 
xxiii.-xxiv., No. x. 
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STUDIES IN LIQUID CRYSTALS. 

Bv TAR1N1 CHARAN CHAUDHARI, M.A., 

Professor of Chemistry, Edward College, Pabna. 

Introduction . 

Thb phenomenon of liquid crystals, their homogeneity 
and interesting properties, have been established by 
Lehman, Scbenck, Vorlander, and their co-woikets after 
a long period of patient researches. After overcoming 
much opposition clear transparent crystalline liquids have 
now been prepared by Vorlander (Vorlander and Kasten, 
Bar., 1908, xli., 2033), which are characterised by optical 
properties, e.g,, double refraction, so that attempts by 
Timman and others (Zeit. Pkys. Chem., 19x3. ixxxii., 
172 ; Ixxxiv., 753) to prove that optical propeities of turbid 
anisotropic liquids are due to suspensions or emulsions 
seem to be untenable, because such optical properties 
which are known to belong exclusively to solid crystals 
are also satisfactorily possessed by clear transparent 
anisotropic liquids. 

The compounds of this class of anisotropic fluids or 
liquid crystals are characterised by complete fluidity, 
wnen heated, between fairly large ranges of temperature. 
The solid crystalline compound, when heated to a certain 
temperature, suddenly melts ; but instead of obtaining a 
clear transparent melt the substance becomes uniformly 
opalescent, and this opalescent condition lasts op to a 
definite temperature when the turbidity of the fluid sharply 
disappears. Strictly speaking, the first temperature should 
be called the melting-point and the second the transition- 
temperature of the compound, but from the standpoint of 
phase rule both may be called transition-temperature. 

2. Relation between Chemical Composition and Range 
of Existence of Liquid Crystalline Condition. 

Besides the discovery of the above new series of com- 
pounds and their liquid crystalline properties a very 
interesting relstion has been found to generally exist, 
hitherto not observed by any worker on the subject. Even O. 
Lehman, the principal worker on the subject, does not seem 
to suggest this idea in bis “ Flussige Kristalle.” It is 
observed that the range of temperature through which the 
liquid crystalline condition of a compound is stable has an 
approximately definite relation with that of other similar 
compounds of the same homologous series, if such 
homologous compounds exhibit liquid crystalline pro- 
perties, as the following table will indicate : — 



Transition 

Range of existence 

Substance. (a) 

temperatures ( : ). 

of liquid crystals. 

/- Axoxyanisole 

118*3 and 135 9 

176 

p Azoxyphenetole . . 

1345 

„ x68 9 

34‘4 (I7'*x*) 

Pyridine nitrate 

88 

» 105 

17 

Qainoline nitrate . . 

102 

M 1X9 

l 7 

p-Afethylaminobenz- 




aldehyde phenyl 




hydrasone . . . . 

170 

„ 190 

20 

/•Ethyl 

160 

„ 181 

21 


(a) Schenck, “ Krisialliniache Flussigkieten and Flus 
sige Kristalle, ” 1905 ; Rotarski, Ber., 1908, Ixi., 
*994- 


The above results show that there appears to be a 
general relation amongst the members of a homologous 
aeries of compounds in respect to the ranges of tempera- 
tore through which their liquid crystalline state is stable, 
provided such compounds exhibit the " Flussige Kristal- 
Imiscbe " properties, and the relation may be represented 
by an approximately definite quantity, which quantity may 
b« nearly same in the same or in different series, or dif 
ferent in different series. 

3. Bearing of the Subject of Liquid Crystals to the 
Modern Dynamic Theory of Polymorphism . 

According to new dynamic theory of polymorphism, as 
pot forward by Smits ( Ann ., 1903, 139, 284; 1905, 


382, 580 ; 1906, 157 ; 1907, 20, 451 ; Ann. Ret., 

1907, 6x ; 1908, 39), the different allotropes of a solid 
element exist in equilibrium with one another in definite 
proportions over wide ranges of temperatures. The idea 
is similar to that in dynamic isomerism of compounds. 
Smits does not seem to recognise the individual homo- 
geneity of a particular solid allotropic modification of an 
element, but holds that each solid modification U an 
equilibrium system between different relative proportio s 
in the different allotropes. 

Benedicts (Eighth Inter. Cong. Appl. Chem., A, 1912, 
752) expresses somewhat similar views; according to 
him, an allotropic change is not an abrupt conversion of one 
variety into another, because there is every possibility of 
one form being soluble in the other to some extent at the 
transition temperature. In accordance with its under- 
lying ideas the theory has been called dynamic isomerism, 
as it applies to elements as well as to chemical compounds 
(Ann., 1910, 195, 400; 1913, 393; Zeit. Phys. Chem., 
1911, Ixxvi., 421 ; 19x3, Ixxxiv. , 250). 

ButTamman, who has put forward an atomistic theory of 
polymorphism as applied to elements, has strongly opposed 
Smits (Zeit. Phys. Chem., 1913, Ixxxii., 172 ; Ixxxiv., 753; 
Ann., 1913, 193, 679) on the ground that Smits’s views do 
not serve the main object of a theory by correlating different 
groups of facts. In view of the present work on liquid 
crystals, Smits’s theory is not sufficiently tenable. For it 
is not possible, as Smits’s theory requires, that the solid 
crystalline form and the liquid crystalline form, which may 
be regarded as the different crystalline varieties of the 
same compound, are not each in itself homogeneous, but 
each of them (via., the solid crystal and the liquid form) 
is a mixed system of the solid crystalline phase and the 
liquid crystalline phase held in equilibrium in different 
proportions. 

But facts more satisfactorily fit in with Tamman’s 
views. The liquid crystalline phase appears in these 
compounds because their molecules cannot readily adjust 
themselves to the perfectly disbanded condition as in 
isotropic liquid when heated, and similarly also they cannot 
suddenly orient themselves in space-lattice when the molten 
substance is allowed to cool. According to Tamman (his 
atomistic theory when extended to compounds) poly- 
morphism is due to the difference in the arrangements of 
the molecules, and the essential feature in the trans- 
formation of one form into another is the rearrangement 
of the molecules in a different space-lattice. 

4. Types of Molecular Structure and Capacity for 
producing Liquid Crystals. 

Several attempts have been made to associate the 
capacity for producing liquid crystals with particular types 
of molecular structure ot compounds. It has been sug- 
gested that ail substances forming liquid crystals contain 
a benaene ring linked to — OX or — NHX, on one side 
and — CH:CH:CH:N — or — C^H^X on the other side. 

On the basis of the above ideas Rotarski has pot 
forward a theory according to which a liquid crystal is an 
intermediate phase between an open chain molecular 
system in the isotropic liquid and the closed molecular 
system in the crystalline solid. It is evident that the dis- 
covery of compounds having constitutions different from 
the above has made Rotarski’s theory very weak and 
untenable ; for although the pyridine and quinoline com- 
pounds have six ring or condensed six ring constitution 
they do not contain any of the specific groups, nor is there 
the possibility of breaking those rings and forming straight 
chain system when melted to an isotropic liquid. 

In the views of the present writer it does not seem 
possible to assign any definite relation between the con- 
stitution of compounds and their capacity for producing 
liquid crystals. The increased studies on the subject are 
rendering more and more doubtful the possibility of 
existence of any such relation, and, indeed, as larger 
number of liquid crystalline compounds it* accumulating, 
such a general theory would be increasingly elastic. Now 
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that all degrees of stability of compounds (liquid crystal- 
line) have been attained, and as larger number of com- 
pounds of various constitutions exhibiting liquid crystalline 
properties are being discovered, it is more probable that 
the formation of liquid crystals is a general property of 
organic solid compounds which have melting-points. In 
some cases the liquid crystalline phase is more stable, 
and exists over fairly wide range of temperature, say, 
15 — 20° (as shown above) ; in other cases it is less stable, 
and exists through smaller ranges of temperature, even a 
fraction of a degree, which has been and can be detected 
and determined (Vorlander, Ber 1907, xl., 4527 ; 1908, 
xli., 1994 ; Rotarski, loc. cit.) ; whilst, in the majority of 
cases, the two transition points are so very close to each 
other that the liquid crystal phase is not detectable at all ; 
and in this last case, in ordinary language, the melting- 
points of substances are said to be obtained, meaning 
thereby the sharp change of the solid into isotropic liquid. 
In this case the transition points overlap one another. 
Equilibria in all these cases may be diagrammatically re- 
presented in the light of phase rule, the systems resolving 
themselves into enantiotropic or monotropic as the case 
may be. 


Summary. 

It is concluded from what has been stated in the present 
paper that : — 

1. There appears to exist a general relation amongst the 
members of a homologous series of compounds in respect 
to the ranges of temperature through which their liquid 
crystalline phase is stable, and the relation may be repre- 
sented by an approximately definite quantity, as under 3. 

2. The formation of liquid crystals from a malleable 
organic solid when heated, and back to crystalline solid 
when gradually cooled, is satisfactorily explained in the 
light of an extended and modified application of Tamman’s 
dynamic theory of allotropy, as under 4. 

3. It is not possible to assign any definite relation 
between the constitution of compounds and their capacity 
for producing liquid crystals, and the author advances that 
the formation of liquid crystals is a general property of 
malleable organic solids. 

Chemical Laboratory, 

Government College, Rajshahi, 

Bengal, India. 


THE CONDITION OF DOUBLE SALTS IN 
AQUEOUS SOLUTIONS. 

By D. MERRILL TORRANCE and NICHOLAS KNIGHT. 


sufficiently compact to allow a slow diffusion, and at the 
same time they are so porous that a sufficient amount of 
material can pass through to permit of an accurate 
analysis. 

We placed 50 cc. of the solution of tbe double salt in 
the cup, and allowed it to stand in a beaker containing 
200 cc. of distilled water. We kept the temperature as 
constant as possible, as a slight variation in temperature 
affects the results in a maiked degree. 


The Double Sulphates of Aluminium and Sodium. 
Tbe ratio of the molecular weight of Na 2 S 0 4 to 
A 1 2 (S 0 4 ) 3 is 1 to 2-4. 

(Concentration, 5 per cent sol. ; room temperature). 


Twelve hours — 
AI 2 (S 0 4 ) 3 . 

Na 2 S0 4 . . . 

Six hours — 
A 1 2 (S 0 4 ) 3 . 

Na 2 S 0 4 . . . 

Three hours — 
A 1 2 (S 0 4 ) 3 . 

N a 2 S 0 4 . . . 

One hour — 
A! 2 (S 0 4 ) 3 . 

Na 2 S 0 4 . . . 


First test. 

Second test. 

o*M55 

o- 10606 

112 

1-0085 

0*04395 

004233 

0 62522 

0 61685 

002354 

002858 

0 4879 

0-40986 

0 00743 

0005132 

013673 

0 115457 


We used the first test in each case in comparing the 
amount of diffusion of the two constituents. For twelve 
hours the diffusion of Na 2 S 0 4 is nine times greater than 
the A 1 2 (S 0 4 ) 3 and fourteen tunes greater for six hours and 
twenty-one times greater for thiee hours. By standing 
sufficiently long, considerably longer than twelve hours 
would be necessary, an equilibrium inside and outside the 
porous cup would be reached. 


(Concentration, 5 per cent sol. ; temperature, 8o° C.). 


One hour— 

AI 2 (S 0 4 ) 3 .. .. 

Ma 2 S 0 4 

Thirty minutes — 

ai 2 (so 4 ) 3 .. .. 

Na 2 S 0 4 

Fifteen minutes — 

ai 2 (so 4 ) 3 .. .. 

Na 2 S 0 4 


First test. 

Second test. 

0-03138 

003595 

0*22559 

O 2283 

0*01684 

OOI 295 

0*11255 

0 10639 

Trace 

Trace 

005428 

007186 


We continued the work of Maxwell (Chemical News, 
cxvi., 247) to discover the behaviour of a larger number 
of double salts in aqueous solution. If the same propor- 
tion of the two constituents of such salts is found in the 
diffusate after the dialysis it might indicate no dissociation 
of the constituents. If, on the other hand, tbe proportions 
vary in the diffusate it would doubtless point to a dissocia- 
tion of >he double salt. 

The substances investigated are the five double salts 
as follows : — 

Sodium aluminium sulphate .. Al 2 (S 0 4 ) 3 ,Na 2 S 0 4 

Copper potassium sulphate .. .. CuS 0 4 ,K 2 S 0 4 

Copper ammonium sulphate .. .. CuS 0 4 ,(NH 4 ) 2 S 0 4 

Magnesium ammonium sulphate .. MgS 0 4 , (NH 4 ) 2 S 0 4 
Chromium potassium sulphate . .. Cr 2 (S 0 4 ) 3 ,K 2 S 0 4 

Some of these salts were made by Baker and Adamson, 
and the others by the J. T. Baker Chemical Company, 
and all seemed pure and satisfactory. 

In the investigation of these salts we employed the dif- 
fusion method. Tbe porous cups made by Carl Schleicher 
and Schull seemed best adapted to our work. They are 


We used the same solution at first, but increased the 
temperature to 8o° 0 . The ratio of the diffusion of 
A! 2 (S 0 4 ) 3 to Na 2 S 0 4 is one to seven fcr one hour, the 
same for thirty minutes, while in fifteen minutes only a 
trace of aluminium went through the porous cup. 


Concentration, 25 per cent sol. ; temperature, 8o° C.). 


One hour — 
AI 2 (S 0 4 ) 3 
Na 2 S 0 4 . . .. 

Thirty minutes— 
AI 2 (S 0 4 ) 3 . . 

Na 2 S 0 4 . . .. 

Fifteen minutes — 
A 1 2 (S 0 4 ' 3 
Na 2 SQ 4 .. .. 


0-0575 

0-051 

05985 

0*5453 

0*02463 

0*02162 

02922 

02638 

OOISI 

0*0124 

0-1888 

02496 


The ratio of the diffusion of aluminium sulphate to 
sodium sulphate is one to ten fcr one hour, one to twelve 
for thirty minutes, and one to sixteen for fifteen minutes. 
The results leave no doubt of the dissociation of the double 
salt in a water solution. 
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Copper Potassium Sulphate , CuS 0 4 ,K a S 0 4 . 
(Concentration, 5 per cent sol. ; room temperature). 


Twelve hours — 

First test.. 

Second test. 

CuS 0 4 .. .. 

0095 

0*1114 

K a S 0 4 . . . . 

0539 

0 644 

Six hours — 

CuS 0 4 . . . . 

. . 0 0564 

0 063 

K a S 0 4 .. .. 

0390 

0404 

Three hours — 

CuS 0 4 . . . . 

. . 0 0304 

0 0348 

K a S 0 4 . . . . 

. . 0 1930 

02068 

One hour — 

CuS 0 4 . . 

.. 0005 

0*0228 

K a S 0 4 . . . . 

.. 00838 

0 10x5 


Toe molecular weight of CuS 0 4 to K a S 0 4 is as 1 to 1*09, 
but the amounts of the two constituent salts in the diffusate 
bear a very different ratio. The potassium sulphate is 
five times as great as the copper sulphate after twelve 
hours, seven times as great after six hours, six times as 
great after three hours, and sixteen times as great after 
one hour. 


(Concentration, 5 per cent sol. ; temperature, 8o° C.). 



First test. 

Second test. 

One hour — 

CuS 0 4 

O 0454 

00426 

K a S 0 4 

0*4263 

0 3354 

Thirty minute* — 

CuS 0 4 

00244 

O 0222 

k 2 so 4 

0 1654 

O l6ll 

Fifteen minutes — 

CuS 0 4 

0 0134 

OOI94 

K a SQ 4 

0 0797 

O 0838 


Ibe ratio, therefore, of copper sulphate in the diffusale 
to potassium sulphate is x to 9 5 for one hour, 1 to 7 for 
thirty minutes, and x to 6 for fifteen minutes. 

(Concentration, 25 per cent sol. ; temperature, 8o° C.). 



First test. 

Second test. 

One hour — 

CuS 0 4 

01154 

0*1362 

x a so 4 

07H5 

06594 

Thirty minutes — 

CuS 0 4 

00552 

00872 

K a S 0 4 

03724 

0 3844 

Fifteen minutes— 

CoS 0 4 

0*0268 

0*0182 

K a S 0 4 

01734 

02292 


With the increase in concentration the ratio of the two 
constituents seems to diminish. The ratios are very nearly 
constant for the different times as follows : — 1 to 6, 1 to 
67, and 1 to 6 4. 


Copper Ammonium Sulphate , CuS 0 4 ,(NH 4 ) a S 0 4 . 
(Concentration, 5 per cent 6oi. ; room temperature) 



First test. 

Second test. 

Twelve hours — 

CuS 0 4 

0*1044 

0*1468 

(NH 4 ),so 4 .. .. 

04047 

0*4357 

Six hours— 

wuS0 4 • • . . . • 

0*1042 

0*1266 

(NH 4 ) 4 S 0 4 .. .. 

03*78 

°‘ 3 2 57 

Three hours — 



CuS 0 4 

O 0656 

005 1 

(NH 4 ) a S 0 4 .. .. 

0183 

0 185 

One boor — 

CoS0 4 

0*0226 

0*0182 

(NH 4 ) a S 0 4 .. .. 

00608 

0*0625 


The ratio of the molecular weight of ammonium sulphate 
to copper sulphate is x to 12. In the diffusate it is x of 
copper sulphate to 4 of ammonium sulphate, x to 3, 1 to 3, 
and 1 to 3 respectively. 


(Concentration, 5 per cent ; temperature. So 0 C.). 


One hour — 
CuS 0 4 . . 
(NH 4 ) a S 0 4 .. 

Thirty minutes — 
CuS 0 4 .. .. 

(NH 4 ) a S 0 4 .. 

Fifteen minutes — 
CuS 0 4 . . . . 

(N H 4 ) a SO a .. 


First test. 

Secoci test. 

0048 

0-0694 

°* , 5 , 7 

0*1926 

0034 

00324 

0*1059 

0*0808 

0 022 

0*0232 

00734 

o*o8x 


The ratio of the two double salts in the diffusate is quite 
constant, 1 to 3, 1 to 3, x to 3 5 respectively. 


(Concentration, 25 per ceqt ; temperature, 8o° C.). 



First test. 

Second test. 

One hour — 

CuS 0 4 

O’ X 206 

0*1368 

(NH<) a S 0 4 .. .. 

0-5278 

05202 

Thirty minutes — 

CuS 0 4 

0 0526 

00728 

(NH 4 ) a S 0 4 .. .. 

0*2967 

0*32 

Fifteen minutes — 

CuS 0 4 

O 0256 

00428 

(NH 4 ) a SQ 4 .. .. 

0 1438 

* 0 2204 


In these experiments the ratio of the copper sulphate to 
the ammonium sulphate is 1 to 4. 3, 1 to 5 6, and x to 5 6 
respectively. 


Magnesium Ammonium Sulphate] ; MgS 0 4 ,(NH 4 ) a S 0 4 . 
(Concentration, 5 per cent ; room temperature). 



First test* 

Second test. 

Six hours — 

MgS 0 4 .. .. 

0 0374 

0 0456 

<NH 4 ) a S 0 4 .. 

.. 0*2894 

0-3472 

Tnree hours — 

MgS 0 4 .. .. 

00305 

00339 

(NH 4 - a S 0 4 .. 

01319 

01494 

One hour — 

MrS 0 4 .. .. 

.. 00x3 

O 0122 

(NH 4 ) a S 0 4 .. 

0053 

0*063 


The ratio of magnesium sulphate is t to ri. The ratio 
of the two salts in the diffusate is 1 of magnesium sulphate 
to 7*7 of ammonium sulphate, 1 to 4*3, and 1 to 3*5. 


(Concentration. 5 per cent ; temperature, 80" C). 


One hour— 
MgSG 4 .. .. 

(NH 4 ) a S 0 4 .. 
Thirty minutes — 
MgS 0 4 .. .. 

(N H 4 » a S 0 4 .. 

Fifteen minutes — 
MgSQ 4 .. .. 

(NH 4 ) a S 0 4 .. 


First test. 

Sccood test. 

0*0287 

00265 

0 1553 

0x5 

0*022 

00251 

0*1138 

0*1151 

OO3I7 

0 0237 

0*0850 

0 0705 


The ratio in 
and 1 to 2 6. 


the diffusate is therefore 1 to 3 4, 1 to 5, 
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(Concentration, 25 per cent ; temperature, 8o° C.). 


One boor — 
MgS0 4 • • 
(NH 4 ) a S 0 4 .. 

Thirty minutes— 
MgS 0 4 .. .. 

<NH 4 ) a S 0 4 .. 

Fifteen minutes — 
MgS 0 4 . . . . 

(NH 4 ) a S 0 4 .. 


First test. 

0*1948 

0*5033 

0*0397 

0*3906 

0*024 

0*2027 


Second test. 

0*1752 

0*570 

0*0431 

0*4009 

00399 

0*2143 


Again the number* denote a dissociation of the doable 
salt, as the ratios are 1 to 2*5, 1 to 9*7, and r to 8*4. 


Chromium Potassium Sulphate , Cr a (S 0 4 ) 3 ,K a S 0 4 . 
(Concentration, 5 per cent ; room temperature). 

First test. Second test. 


Six hours — 


Cc a (S 0 4 ) 3 . . . . 00349 00337 

K a S 0 4 0*12:2 0*1134 


Three hours — 

Cr a (S 0 4 ) 3 .. .. 0*0315 


K a S 0 4 0*0638 

One hour — 

Cfi(S 0 4 ) 3 .. .. 0007 

K a S 0 4 00242 


0*0302 

0*06 

00078 

0*038 


In this double salt the ratio of the potassium sulphate to 
the chromium sulphate is x to 2*2. The ratio of the two 
constituents in the diffusate is 1 of chromium sulphate to 
3*4 of potassium sulphate, 1 to 2, and 1 to 3*4. 


(Concentration, 5 per cent; temperature, 8o° C.). 


One hour — 

Cr a (S 0 4 ) 3 .. .. 
K a S 0 4 

Thirty minutes — 
Cr a (S 0 4 ) 3 • • 

K a S 0 4 

Fifteen minutes— 
Cr^SO^ . • •• 

K a S 0 4 


First test. 

Second test. 

00403 

00356 

0*0682 

00635 

0*0265 

0*0260 

OO352 

0*0321 

0 * 02 X 0 

0*0250 

00353 

00373 


The ratio of the chromium sulphate to the potassium sul- 
phate is quite constant, namely, x to i*6, x to 1*3, and 1 
to x*6 


(Concentration, 25 per cent ; temperatnre, 8o° C.). 


One hour— 

Cr a (S 0 4 ) 3 . . . . 

K a S 0 4 

Thirty minutes— 
Cr a (S 0 4 ) 3 • • • • 

K a S 0 4 

Fifteen minutes— 
Cr a (S 0 4 ) 3 . . . . 

K a S 0 4 


First test. 

Second test. 

0*18123 

01683 

0*283 

0*285 

0078 

0*071 

0144 

0 X 933 

0*0283 

0039 

OI 434 

0*1130 


Thus the proportions in the diffusate are x of chromium 
sulphate to 1*5 of potassium sulphate, 1 to 1*8, and x to 5. 


Summary, 

The double salts examined in this paper do not exist in 
aqueous solution, but dissociate into simpler salts or ions. 

The dissociated ions of a salt pass through a porous cup 
at a rate inversely proportional to the size of the ions. 

Some ions, which are of themselves small, hydrate and 
thus become large, and consequently pass through the 
dialyser more slowly. This is in accord with the 
“Hydrate Theory” of Jones and Knight. 

Department of Chemistry, 

Cornell College, Iowa, U.S.A., June 22, 1918. 


OBSERVATIONS ON THE RARE EARTHS. 

V. Holmium and Dysprosium. 

By H, C. KREMERS and C. W. BALKE. 

x. Introduction, 

This investigation has had in mind a twofold purpose. 
The preliminary part of the work has had in view the 
development of better and more rapid methods of separa- 
tion of the rare earth elements, since this is the most 
difficult portion of all rare earth work. Many of the rare 
earths have never been obtained in a pure state, and it is 
therefore highly desirable to obtain methods of separation 
more nearly quantitative in nature. Accordingly, the 
yttrium group has been studied with attention directed 
toward a concentration of dysprosium and hclmium, and 
the separation of holmium from yttrium. 

The second object in view in this investigation was to 
obtain dysprosium material of a high state of purity having 
in mind a further study of its atomi: weight (“ Observa- 
tions on the Rare Earths, VI.,” to be published later). 
The dysprosium materisl used together with the material 
used in the study of the separation of holmium from 
yttrium was obtained from a previous investigation (Engle 
and Balke, Journ. Am. Cham. Soc ., 1917, xxx x., 53). All 
of the material used was originally obtained from xenotime 
and gadolinite. These minerals were pulverised to pass a 
100 mesh scieen and decomposed with hydrochloric acid. 
The resulting rare earth chlorides were precipitated with 
oxalic acid and washed to remove the iron and beryllium 
in the case of the gadolinite. Another oxslate precipitation 
was usually resorted to remove all of the iron, silica, &c. 
Since the most efficient preliminary separation of the 
yttrium group earths was found to be the bromates (James, 
Joum. Am. Cham. Soc., 1908, xxx., 979), the earths were 
converted to the bromates as follows The oxalates were 
moistened with concentrated sulphuric acid and ignited to 
400° in order to remove the excess of sulphuric acid. The 
anhydrous sulphates were then converted to the bromates 
by double decomposition with barium bromate. With the 
exception of the earths obtained from the gadolinite this 
preliminary fractionation had already been carried out 
before the present investigation was undertaken. The 
gadolinite material contained some 5 to xo per cent of 
cerium group earths. 

2. Fractionation of the Bromates for the Concentration 
of Holmium and Dysprosium , 

Some 12 kgrms. of rare earth oxalates obtained from part 
of 100 pounds of gadolinite were converted to the bromates 
as already described. These bromates were run through 
50 recrystallisations in 3 parallel series. The 3 series 
showed a concentration of samarium, neodymium, and 
praseodymium toward the insoluble end, dysprosium and 
holmium in the central portion, and yttrium, erbium, and 
thulium toward the soluble end. 

At this point the dysprosium-holmium rich material 
was removed from each of the 3 parallel series and made 
into 3 new series which were labelled A, B, and C. 

Series A was made up of the more soluble fractions ot 
the material removed from the 3 parallel series, and con- 
tained dysprosium, holmium, yttrium, and erbium. The 
concentration of erbium and yttrium was sought in this 
series. 

Series B contained the fractions richest in dysprosium 
and holmium with small amounts of the less soluble 
neodymium and praseodymium bromates and the more 
soluble erbium and yttrium bromates. Dysprosium and 
holmium were concentrated in this series. 

Series C was composed mainly of the less soluble 
bromates, and contained, besides the bromates of 


* Part of a thesis submitted by H. C. Kremers to the graduate 
school of the University of Illinois as partial fulfilment of the require- 
ments for the degree ot Doctor of Philosophy. From the Journal of 
the American Chemiral Society, xl., No. 4 • 
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dysprosium and holmium, terbium, neodymium, and 
praseodymium with traces of erbium and yttrium. 
Praseodymium and neodymium were concentrated in this 
ieries. 

The 3 series were then fractionated in parallel. The 
concentration of the earths in the different series was 
obs er ved and controlled mainly by the change in colour 
although the solutions were frequently examined with the 
spectroscope. As the dysprosium and holmium bromates 
became more concentrated toward the less soluble end of 
Series A, these fractions were removed from time to time 
and placed in Series B, uniting them with the fractions 
which showed a similar coloor. Prom Series C the more 
soluble dysprosium and holmium fractions were removed in 
the same way and added to the fractions in Series B which 
most nearly matched them in colour. In the same 
manner the yttrium and erbium which collected in the 
soluble end of Series B were removed and placed in 
Series A, and the neodymium and praseodymium from the 
less soluble end of Series B were added to Series C. The 
3 series were thus given some 30 recrystallisalions which 
caused most of the dysprosium and holmium together with 
small amounts of the other earths present to collect in 
Series B. This series was then recrystallised 60 times, 
several fractions being removed from both the soluble and 
insoluble ends. The fractions numbering 24 to 38 in- 
clusive indicated the following colours and absorption 
lines: — 


Fraction 

No. Colour. Absorption. 
25 Pink Nd, Pr, Dy, Ho 

25—28 Flesh Nd, Pr, Dy, Ho 

29—30 Yellowish 

pink Nd, Pr, Dy, Ho 

31—32 Cream Dy, Ho 

33 Cream Dy (faint), Ho 

Er (faint) 

34—38 Pale pink Ho, Er 


Earths present. 

Nd, Pr, Dy, Ho 
Nd, Pr, Tb, Dy, Ho, Y 

Nd, Pr, Tb, Dy, Ho,Y 
Dy, Ho, Y 

Dy, Ho, Er, Y 
Ho, Er, Y 


The equivalents of Fractions 31 and 33 were determined 
by the permanganate method of Gibbs (Am. Ch$m. Joum., 
X&93* xv., 546), and gave the values 120 9 and 1057, re- 
spectively. This indicated that Fraction 33 contained 
some 85 per cent of yttrium. By a comparison of the 
absorption lines with a set of standard solutions the 
amounts of dysprosium and erbium in this fraction were 
estimated to be not more than 2 or 3 per cent. This 
method was found to be fairly rapid tor the concentration 
of dysprosium and even more satisfactory for holmium. 
The amount of dysprosium in this series was relatively 
small. 

The sacrifice ol material by this method was no greater 
or even less than in the other ordinary methods of frac- 
tionation. Bv the use of only one series, dysprosium and 
holmium would concentrate only very slowly, but by the 
above method the concentration of holmium and 
dysprosium was found to be more rapid. Considerable 
trouble was given by the cerium basis bromate which 
continuously sepsrated out as a brown sludge (James and 
Pratt, Joum. Am. Chem, Soc ., 1911, xxxiii., 1326). This 
had to be filtered off from time to time, and caused con- 
siderable delay in the fractionation. This experience 
shows that it .is advisable to separate the cerium group 
earths completely from the yttrium groop by the double 
sodium sulphate separation before the bromate fractions- 
tioo is begun (Engle and Balke, Joum. Am. Chem. Soc., 
1917, xxxix., 53). 


3. Fractionation of the Bromates for the Concentration 
of Holmium. 

In the previous investigations in this laboratory some 12 
fractions of holmium-iich material bad been obtained from 
a large bromate series. This material was composed 
mainly of holmium and yttrium with small amounts of 
neodymium, praseodymium, terbium, dysprosium, and 
erbium. This series was recrystal Used 65 times. Neo- 


dymium and praseodymium were frequently removed 
from the insoluble end, and erbium and yttrium were 
removed at intervals from the more soluble end. Frsctioos 
32 to 53 inclusive indicated the following colours and 
absorption lines 

Fraction 

No. Colour. Absorption. Barths present. 

32 — 35 Yellow with purple 

tinge Nd, Pr, Dy, Ho Nd,Pr,Dy,Ho 

36—38 Creamy yellow Nd, Pr, Dy, Ho Nd, Pr, Dv, Ho 

39 — 49 Greenish yellow Dy, Ho, Er Dy, Ho, Er, Y 

49—53 Pale pink Ho, Er Ho, Er, Y 

This series contained holmium material with yttrium 
and traces of dysprosium and erbium. 

4. A Study of the Separation of Holmium from Yttrium . 

By fractionation of the bromates it was found that 
holmium and yttrium oould be obtained free from the 
other earths. The bromate method was not found to be 
at all efficient for the separation of holmium from yttrium, 
and since considerable holmiom-yttrium material was at 
hand it was decided to study methods for the separation 
of these two elements. 

Fractional Precipitation with Lactic Acid (B6hm, 
“ Selten Erden,” p. 116).— It was found that if the 
hydroxides of the rare earths were dissolved in lactic acid 
with a very small amount of nitric acid present and the 
resulting solution diluted and warmed on a steam -bath for 
some hours, a very voluminous precipitate separated out, 
the composition of which was not determined. This 
behaviour suggested a means for the possible separation 
of holmium from yttrium by fractional precipitation. 
Accordingly, 90 grins, of moist hydroxide of the holmiom- 
yttrium material having an equivalent of 97*5 were dis- 
solved as described above and diluted to 3 litres. By 
warming this solution gently a portion of the rare earths 
was precipitated and filtered out. By repeating this 
process several times the material was split into seven 
tractions. Fractions 1 and 7 were analysed, and gave 
equivalents of 97*2 and 94 respectively. This method 
was accordingly abandoned, since no appreciable separa- 
tion bad taken place. 

Fractional Precipitation with Ammonium Carbonate . — 
This method was first tried by Dennis and Dales on the 
yttrium group earths as originally obtained from the 
mineral sources ( Journ . Am. Ckem. Soc., 1902, xxiv., 
425). Some rapid separations were found to take place. 
These authors dissolved the earth hydroxides in a strong 
solution of ammonium carbonate and then partially 
neutralised the resulting solution with acetic acid until the 
point of precipitation was reached. A very dilute solution 
of acetic acid was then dropped in with constant stirring 
until part of the earths had precipitated, rhis fraction 
was then filtered off and the resulting solution agaio 
treated in a similar manner. 

In the hope that this method would prove to be effective 
in the present problem 50 grins, of moist hydroxides of 
yttrium- holmium material with an equivalent of 98*5 were 
accordingly dissolved in ammonium carbonate and 
fractionally precipitated by the above method. A spectro- 
scopic examination of the fractions indicated no appreci- 
able separation. Fraction 7 gave an equivalent of 101*5. 
It was evident that this method could thus not be success- 
fully applied to the separation of holmium and yttrium. 

Fusion of the Nitrates .— The separation of the earths 
by fusion of tbe nitrates depends upon the difference in 
their electro positive characters (Urbain, Ann. Chim ., 
1900, aii., Section 7, 184). Twenty-five gross, of the 
oxides of the holmiom-yttrium material were dissolved in 
nitric acid and the solution evaporated to dryness. This 
was then fused until partial decomposition had taken place 
resulting in tbe formation of basic nitrates of the least 
electro-positive portions of tbe mixture. After cooling, 
the fused mass was treated with water which dissolved 
the undscompoesd nitrates but left the basic nitrates as 
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an insoluble residue. The clear solution was then filtered 
off forming Fraction A. The basic salt, Fraction B, was 
again dissolved in nitric acid, evaporated to dryness, and 
fused. Fraction A also was evaporated to dryness and 
fused. The insoluble portion of Fraction B formed 
Fraction C, and the soluble portion of Fraction B was 
combined with the insoluble portion of Fraction A and 
the operation repeated. 

After a series of 12 fusions the solutions of the different 
fractions indicated no appreciable separation by a spectro- 
scopic exaamination. 

According to the classification of the rare earths by Levy 
(“The Rare Earths ”), europium, gadolinium, samarium, 
and terbium fall in between yttrium and holmium. Since 
very pure samarium (prepared by Mr. A. W. Owens) was at 
hand, it seemed possible that if this element were mixed 
with the holmium-yttrium material and the three earths 
fractionated by the nitrate fusion, the samarium would fall 
between the holmium and yttrium. The samarium could 
later be removed from the holmium by means of the double 
sodium sulphate separation. Accordingly, 50 grms. of 
samarium oxide were mixed with 25 gims. cf holmium- 
yttrium oxides and this mixture subjected to a series of 


31 fusions. The original holmium-yttrium oxides had an 
equivalent of 98 6. The fractions gave the following 
absorptions and equivalents : — 

Fraction, absorption. Fraction, atomic wt. 

d Sa — 

e 3 a — 

f SaHo — 

g — ; .... SaHo — 

k SaHo — 

l Ho >54*21 

m .. .. Ho — 

n . . .. .. Ho 154 68 

0 Ho 155*32 

Most of the yttrium had concentrated toward the end 


showing the samarium lines. A very rapid concentration 
of holmium had taken place. This method was found to 
be the most efficient thus far tried. Work upon the 
separation of holmium from yttrium is being continued in 
this laboratory. 

5. Summary. 

1. The bromate method of fractionating the yttrium 
group earths for a more rapid concentration of dysprosium 
and holmium has been studied, and this method was found 
to be efficient for the concentration of holmium. 

2. Some methods for the separation of holmium from 
yttrium were also studied. The fusion of the nitrates of 
a mixture of yttrium, holmium, and samarium was found 
to give a very rapid concentration of holmium. 


PROFESSIONAL CHEMISTS AND EMPLOYMENT 
EXCHANGES. 

Mr. Richard B. Pilcher, Registrar and Secretary of the 
Institute cf Chemistry, communicates the following cor- 
respondence, which will be of interest to our readers : — 

The Institute of Chemistry, 

30, Russell Square, London, W.C. x., 
July 10, 1918. 

Sir, — The Institute for many years, and particularly 
during the war, has taken considerable interest in placing 
Analytical, Research, and Industrial Chemists in suitable 
appointments. 

In this connection it has been brought to our notice that 
in advertisements for such appointments candidates are 
frequently asked to “apply to the nearest Labour Ex- 
change,” but there is a feeling among professional inen 
that it is a deterrent to require them to apply through that 
medium, and this partly accounts for the small response 
to such announcements. 


Industry. 

It is understood that for some time during 1915 -1917 
the Defence of the Realm Regulations prescribed that 
candidates for all appointments under Government should 
be engaged through the Exchanges, but it appears now 
that a large number of appointments are made without 
that formality. 

May I ask, therefore, what is the present position, and 
whether, under the Defence of the Realm Regulations or 
any other Order, it is necessary that professional chemists 
should be engaged through the Labour Exchanges ? — 
Yours faithfully, 

(Signrd) Richard B. Piloher, 

Registrar and Secretary. 

The Secretary, 

Board of Trade Laboi r Exchanges, 

Central Office, Queen Anne’s Chambers, 

Westminster, S.W. 

Ministry of Labour, Employment Department, 
Queen Anne's Chambers, Westminster, S.W. 1, 
July 22 , 1918. 

Sir, — I am directed by the Minister of Labour to advert 
to your letter of July 10 on tbe subject of advertisements 
in connection with the enclosed Regulation 8 B made 
under the Defence of the Realm Act. 

In reply l am to explain that technically the restric- 
tions imposed by tbe Regulation apply to advertisements 
for any person required by firms carrying on the classes of 
business specified in the Regulation, viz., engineering, 
shipbuilding, or the production of arms, ammunition, or ex- 
plosives, or of substances required for the production 
thereof. The Minister, however, does not in practice 
raise objection to the publication in the usual manner of 
advertisements relating to higher staff appointments, and 
in accordance with this practice it is not necessary that 
advertisements for duly qualified professional chemists 
should comply with tbe conditions set out in the enclosed 
“Notice to Newspaper Proprietors,” the essential feature 
of which is that applicants are referred to an Employment 
Exchange and not direct to the employer or a box number. 
The procedure described in the “Notice” is, however, 
still applied to advertisements for subordinate laboratory 
staff who do not require definite professional qualifica- 
tions. — I am, Sir, your obedient Servant, 

(Signed) T. W. Phillips. 

The Registrar and Secretary, 

Institute of Chemistry of Great Britain and Ireland, 

30, Russell Square, London, S.W. x. 


NEW KEY INDUSTRY. 

British Discovery of a Mineral Secret. 

A new British key industry has been created by the dis- 
covery of a process to treat an English mineral earth and 
convert it into a product invaluable, and, in some cases, 
indispensable for a number of trades and industries. 

Biitish trades and industries that benefit from tbe new 
product include the manufacture and treatment of— 

Colours Starch 

Paints Leather 

Printing inks Heat-resisting materials 

Soaps Insulating material 

Toilet preparations Lubricants 

The substance (known commercially as Catalpo) is 
expected to prove of considerable assistance in tbe British 
dye industry. 

The discovery of the substance was made after years of 
research, and the Daily Express is able to quote two 
leading authorities regarding tbe merits of the product :• — 
Mr. J. Allen Howe, B.Sc., F.G.S., the geologist and 
curator of the Government Museum of Practical Geology, 
Jermyn Street, states that the product is the result ot a 
new chemical process, that it fills a great requirement, 
that it should be of national ; mportance, and that its com- 
mercial uses should be numerous. 
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Prof. J. VV. Hinchley, A.R.S.M., Wh.Sc., F.I.C., of 
the Imperial College of Science and Technology, South 
Kensington, the authority on chemical engineeiing, was 
equally emphatic. He stated that the substance could be 
osed as a base for the production of colours or pigments, 
as a filling material where a neutral and finely-divided 
material is desirable, and for many other purposes. 

“ Practically new materials have been produced by its 
means from what were formerly waste products,’* he con- 
tinued, adding that its high chemical purity was of great 
value. - Daily Exprtss, Aug. 1. 


IMPERIAL MINERAL RESOURCES BUREAU. 

At the Imperial War Conference last year it was agreed 
that it was desirable to take steps to set up an Imperial 
Mineral Resources Bureau, which should be charged with 
the duties of collecting information from the appropriate 
departments of the GwVernments concerned, and from 
other sources, regarding the mineral resources and metal 
requirements of the Empire, and of advising from time to 
time what action, if iny, may appear to be desirable to 
enable such resources to be developed and made available 
to meet the metal requirements of the Empire. Ac- 
cordingly, a special Committee (under the Chairmanship 
of Sir Jas. Stevenson, Bart.) was appointed to examine 
this proposal, and to report upon the duties and adminis 
txative responsibilities of the propcsed Bureau. The 
Committee defined the duties of the Bureau as follows 

“ (a) To collect, co-ordinate, and disseminate informa 
tion as to resources, production, treatment, con- 
sumption, and requirements of every mineral and 
metal of economic value. 

“ (6) To ascertain the scope of the existing agencies, 
with a view u timately to avoid any unnecessary 
overlapping that may prevail. 

“(t) To devise means whereby the existing agencies 
can, if necessary, be assisted and improved in the 
accomplishment of their respective tasks. 

“ (J) To supplement those agencies, if necessary, in 
order to obtain any information not now collected 
which may be required for the purposes of the 
Bureau. 

“ (/) To advise on the development of the mineral 
resources of the Empire, or of particular parts 
thereof, in order that such resources may be made 
available for the purposes of Imperial defence or 
industry.** 

After consideration of the Report of this Committee the 
Government instructed the Minister of Reconstruction, in 
consultaton with the Secretaries of State for the Colonies 
and India, to take the necessary action to give effect to 
the recommendations of the Imperial Conference and the 
findings cf the Committee. Detailed proposals were 
accordingly submitted to the Dominion and Indian 
Governments, who nominated their representatives on the 
governing body of the Bureau, and the general scheme of 
the Bureau baa now been finally ratified by the Imperial 
Conference. 

The Bureau will be incorporated by Royal Charter, and 
the governing body, which will be under the presidency of 
the Lord President of the Council, will consist of the 
following gentlemen : — 

Sir Richard Rbdmayne, K.C.B. (Chairman). 

Nominated by the Canadiarf Government : Dr. Willet 
G. Miller. 

Nominated by the Government of the Commonwealth 
of Australia : Mr. W. S. Robinson. 

Nominated by the Government of New Zealand : Mr. 
Thomas Hutchinson Hamer, of the High Com- 
missioner's Office. 

Nominated by the Union of South Africa: The Rt. 
Hon. W. P. Schreiner, C.M.G. 
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Nominated by the Government of Newfoundland : The 
Rt. Hon. Lord Morris, K.C.M G. 

Nominated by the Government of India: Mr. R. D. 
Oldham, F.R.S. 

Nominated by the Secretary of State for the Colonies: 
Mr. J. W. Evans, D.Sc., LL.B. 

Nominated by the Minister of Reconstruction (in con- 
sultation with the Institution of Mining and 
Metallurgy, the Institution of Metals, the Iron and 
Steel Institute, and the Institution of Mining 
Engineers: W. Forster Brown, Esq. (Mineral 
Adviser to H.M. Woods and Forests). 

Prof, H. C. H. Carpenter (President of the Institute 
of Metals). 

Dr. F. H. Hatch (Member of Mineral Resources 
Advisory Committee of the Imperial Institute). 

Sir Lionel Phillips, Bart, (lately Director of the 
Mineral Resources Development Department, 
Ministry of Munitions). 

Edgar Taylor, Esq. (Ex-President of the Institute of 
Mining and Metallurgy). 

Wallace Thorneycroft, Esq. (President of the In- 
stitution of Mining Engineers). 

Mr. Arnold D. McNair has been appointed Secretary. 

All communications regarding the Bureau should be 
addressed to the Secretary, Imperial Mineral Resources 
Bureau, Holborn Viaduct Hotel, E.C. 


REPORT ON THE PRODUCTION OF FUEL OIL. 

A Committee appointed by the Minister of Munitions, 
under the Chairmanship of the Marquis of Crewe, to con- 
sider the report which waa rendered by the Petroleum Re- 
search Department on the production of fuel oil from home 
sources, and what had been done by tbe Ministry of 
Munitions, has issued its report. 

The summary of its conclusions are stated as follows: — 

1. That the scheme for the carbonisation of cannel coal 
and kindred substances recommended in the Petroleum 
Research Department’s Report was not a practicable one, 
and that the Ministry of Munitions were justified in 
declining to embark on it. 

2. That the alternative pc Ley of developing the produc- 
tion of fuel oil from cannel coal and kindred substances in 
existing vertical retorts at gasworks should be developed 
so as to utilise such material of this class as are mined at 
the present time, but that tbe scheme should not be ex- 
tended on any large scale until its general economic con- 
ditions have proved satiafactory. 

3. That the decision of the Ministry of Munitions to 
erect a battery of the Chiswick form of retoits was the 
right course to adopt in the circumstances. 

The conclusions were ai rived at on the following 
grounds : — 

1 (a) Low temperature carbonisation, ixcept in its 
application in the Scottish shale oil industry, baa 
not yet been proved industrially, and consequently 
the erection of large units of retorts to carbonise 
cannel coal and kindred substances could not be 
justified until success had been demonstrated on 
a reasonably large scale. 

(6) A considerable period of time must elapse before 
the necessary retorts could be completed and 
brought into operation. 

(c) A large expenditure of money, labour, and material 

would be involved in carrying out the scheme, 
which expenditure would be out of all proportion 
to tbe quantity of oil which could be produced. 

(d) The requirements of coal at home and abroad 

would not permit the continued diversion of 
labour for the mining and bringing togtther of 
cannel coal for this purpose in sufficiently large 
quantities to ensure adequate supplies fer large 
units of retorts. 


Report on the Production oj Pure Oil. 
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2. The evidence given has proved clearly that existing 
veitical retorts at gasworks can easily be adapted for the 
carbonisation of cannel coal for oil production, and oil 
has, in fact, been produced by this system. A sample of 
this oil has been tested at the Naval Fuel Depot at Haslar, 
and it has been found to be suitable for the utilisation as 
fuel for the Navy if mixed in certain proportions with 
petroleum taken from stock. Certain physical treatment 
is necessary, but refining by distillation or chemical treat- 
ment is not required. 

The present production of cannel coal and kindred sub- 
stances is about 2000 tons a day ; the whole of this is 
either sold mixed with other classes of coal, or is sent to 
gasworks (or gas-enriching purposes. With regard to the 
cannel coal sent mixed, to sort it for carbonisation purposes 
would entail time and labour. Labour at collieries is short, 
and to increase the output of cannel coal either by mining 
or sorting would involve a lower output of ordinary coal. 

3. A Committee was appointed in 19x7 to investigate the 
advantages and disadvantages of three types of low tem- 
perature retorts; comparative tests were made, and the 
results appeared to be in favour of the form of vertical 
retort used in the Scottish shale oil industry. In view, 
however, of the strong ^presentations of the Petroleum 
Research Department in favour of the installation of the 
Chiswick type of retort for the carbonisation of cannel coal 
and kindred substances the Ministry of Munitions decided 
to instal a battery of thirty of these retorts at Nottingham, 
so that practical experience of their working on an in- 
dustrial scale might be obtained under similar conditions 
to those prevailing at the Nottingham Gasworks, where 
cannel coal is being dealt with in the existing vertical gas- 
works retorts which have been adapted for the purpose. 

This procedure was approved of as it will enable a true 
comparison on an industrial scale between the two systems 
of carbonisation to be obtained. 

The Committee indicates other sources of supply as 
available in the future. These sources comprise boring 
for oil in Great Britain, further development of the Scottish 
shale industry, the utilisation of dehydrated tar by the 
employment of suitable solvents, the increased carbonisa- 
tion of raw coal as a preliminary to its use for industrial 
and domestic purposes, the utilisation of the extensive 
deposits of Kimmeridge shale which are known to exist in 
a belt that crosses England from S.W. to N.E., and the 
use of the extensive peat deposits in the United Kingdom. 


MISCELLANEOUS. 


Appointment.— The Governing Body of Birkbeck 
College have appointed George Senter, D.Sc. (Lond.), 
Pb.D., F.I.C., to the office of Principal, recently vacated 
by Dr. George Armitage-Smith, who had filled the position 
for more than twenty years. Dr. Senter, who is well 
known for his research and writings in chemistry, is Head 
of the Chemistry Department of the College. Formerly 
he held the Readership in Chemistry at St. Mary’s 
Hospital Medical School, and in addition to important 
examining and tutorial posts in London University held a 
seat on the University Senate. His election comes at an 
interesting time in the long and eventful history of the 
College, which, familiar to many thousands as a pioneer 
in public education, has continuously developed the scope 
and nature of its activities under Dr. Armitage Smith, and 
has been recognised by Royal Commission as the future 
centre of Evening University work in London. 


NOTES AND QUERIES. 

Industrial Plants —We are desirous of getting into communica- 
tion with British firms able to quote and supply us with industrial 
plants of every kind. Quotations should be accompanied by estimates 
and specifications showing, among other things, the general plan and 
lay out of industrial plants offered, space required, daily output and 
expense, number of men required to operate, and whether they should 
be skilled or otherwise. — Ths Commercial and Industrial 
Engineering Co., Bunder Road, Karachi, 


'J'O comply with Regulation 8 (6) of the Defence ot the Realm 
Act, advertisements from firms whose business consists 
wholly or mainly in Engineering, Shipbuilding, or the production 
of Munitions of War, or of substances required for the production 
thereof, must include the words ** No person resident more than 
ten miles away or already engaged on Government work will be 
engaged." 


Assistant Metallurgical Chemist (Male or 

** Female) for large Engineering Works in Mar cheater District ; 
must have experience of general analysis of high sp?ed and other alloy 
steels. No person already engaged on Government work will be en- 
gaged.— State age, qualification, and salary required to your nearest 
Employment Exchange, mentioning No. B 232. 

A ssistant Chemist wanted, either sex (if male, 

* ^ non-eligible for Military service). — Apply, giving age, experi- 
ence, and salary required, to Manager, Co-operative Wholesale 
Society, Ltd., So ap Works, Irlam, near Manchester. 

f'hemists, Men or Women, with University 

training, wanted by Messrs. Curtis’s and Harvey, Ltd., for one 
of their Explosives Factories —Reply, Box 714, care of Le.thwatt and 
Simmons, 3, Bircbin Lane, E.C. 3. 

J unior Chemist required at a Royal Gunpowder 

Factory. £200 to £230, according to qualifications.— Address, 
** Superintendent,” care of James Willing, 123, Si rand, W C. 

METALLURGICAL RESEARCH 

Wanted by large Steel Works in North ot England, one or two 
Assistants for their Research Department (male or female). Applicants, 
who should be University Graduates either in Physics or Chemistry 
(Physicists preferred), will please state tbeir age, experience, and 
salary required.— Address, M. R., Chemical News Office, 16. New- 
castle Street, Farringdon Street, London, E.C. 4. 

RESEARCH CHEMIST and ELECTRO- 

Av METALLURGIST, now Manager, open for immediate 
Appointment. Research, erection, design, running costing, sales, 
munitions returns, Metallurgical, Chemical, or Electrical plant. 
Public School, Works, University, and Banker's references.— Write, 
Box 163, Willing's, 123, Strand, W.C. 2. 

\A7orks Analytical Chemist required. One 

V V conversant with Soap Manufacture, Nicotine Extractions, and 
Agricultural and Horticultural Preparations. State full particulars 
and salary required.— Address, W. A , Chemical News Office, 16, 
Newcastle Street, Farringdon Street, London, E.C. 4. 

W orkers (male) wanted for Chemical Labora- 
tory dealing in Pharmaceutical Specialities, &c. Must have 
Chemical sod Pharmaceutical knowledge (qualified or unqualified* ; 
ineligible. — State experience, salary required, and send copy of re- 
ference to Box 627. Smiths’ Agency Ltd., too, Fleet Street, London, 
E.C. 4. 


SWANSEA TECHNICAL COLLEGE. 

Principal — W. M. VARLEY, M.A., D.Sc. 
ASSISTANT LECTURER IN CHEMISTRY. 


Applications are invited (or the above 

Appointment. 

Duties will commence September 16th, or as soon after that date 
as possible. Ability to take Junior Physics work will be a recom- 
mendation. Salary £250 per annum. 

Further particulars may be obtained from the Pr«kcipal, to whom 
applications must be sent on or before August 20U1. 

T. J. REES, B.A., 

Education Offices, Swansea. Director of Education 


PORTSMOUTH MUNICIPAL COLLEGE. 

APPOINTMENT OF VICE-PRINCIPAL AND HEAD OF THE 
CHEMISTRY AND NATURAL SCIENCE DEPARTMENT. 


A pplications are invited for the Position of 

VICE-PRINCIPAL AND HEAD OF THR CHEMISTRY 
AND NATURAL SCIENCE DEPARTMENT of the Portsmouth 
Municipal College. 

Candidates must have special qualifications in Chemistry, and must 
be prepared to take up duties at an early date. Salary £330 to £400 
per annum, according to qualifications and experience. 

Forms of application and further particulars may be obtained on 
receipt of a stamped addressed foolscap envelope. 

Applications, addressed to the Secretary, at the Offices for Higher 
Education, the Municipal College, Portsmouth, and accompanied by 
copies only of three recent testimonials, must be forwarded at once. 
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8PECIAL NOTICE TO SUBSCRIBERS. 


Wb regret to announce that the recent paper 
restrictions will compel us for a period, until we 
can secure our usual supply of paper, to publish the 
Chemical New s fortnightly instead of weekly. 

The price will not be altered, except as regards 
the subscription price, which, until further notice, 
will be calculated at £1 for fifty-two numbers, or 
Pro rata. 

Subscribers will please note that the respective 
expiration dates of their subscriptions will be 
extended accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their extended 
subscription periods. 

The next Issue (No. 3096 ) will be published on 
September 13 th. 


ON SPINACENE AND SOME OF ITS 
DERIVATIVES.* 

By A. CHASTON CHAPMAN. 

In a recent communication [Trams., 1917, cxi., 56) 
describing (he preparation and properties of spinacene and 
of some of its derivatives, I directed attention to the fact 
that the formula for the hydrocarbon based on the analysis 
of the bexahydrocbloride (which was the most crystalline 
and best defined compound I had succeeded in obtaining) 
was not in good agreement with the results for the deter 
minatioo of the molecular weight by the cryosocopic 
method. Tois discrepancy I was unable to explain, and 
I therefore determined to prepare a further and larget 
quantity of the hydrocarbon and also of the hydrcchloride. 
I was fortunately able to obtain some more of the shark- 
liver oil, and proceeded to prepare spinacene from it by 
the method previously adop ed. As in my earlier work, 
ibe main fraction boiled within a range of a few degrees 
and contained only about 0*5 per cent of oxygen. 

As I bad reason to believe that metallic sodium was 
without action on the hydrocarbon, I proceeded to distil 
it with the addition of some sodium for the pmpose of 
obtaining a product free from oxygen. In my earlier work 
only about 50 cc. of the oil had been distilled in this 
manner, and then under a pressure of 10 mm. In the 
present case a much larger volume of the oil was employed, 
and owing to the faulty working of the pump the pressure 
during distillation remained constant at about 45 mm., 
the bulk of the oil distilling under tbit pressure at about 
It was noticed that during the distillation the liquid 
in the flask became increasingly daik in colour, and 
to w ards the end bad become converted into an almost 
black tarry mate. 

The portion of the oil, which bad distilled over between 
280° aad 394°, was then submitted to fractional distillation 
(without sodium) at a pressure varying from 35 to 40 mm., 
aad it was found that the boiling-point rose gradually 
from 64° to 396°. 

• Proas the Transact ions rf the Chemical Society, 1918, vol. cxiil. 


From this result it is evident that in the presence of 
sodium and under the conditions above mentioned, 
spinacene undergoes some decomposition, and that this 
method cannot consequently be adopted for its purifica- 
tion. I therefore decided to prepare some more of the 
spinacene by fractional distillation without the use of 
sodium and at a pressure not exceeding 10 mm. In these 
circumstances a large specimen of the hydrocarbon was 
obtained having the following propettics : — 

Boiling-point 260° (corr^/q mm. 

Specific gravity (151 5 0 ) .. 0 8610 

Refractive index at 2o w . .. 1*4956 

When examined by the W j* method it was found that 
too parts of the hydrocarbon united with 367 9 parts of 
iodine. 

The following molecular weight determinations were 
made by the cryoscopic method - 

1.0*2262 in 16 83 bensene gave A* -■ -0167°; 
M.W. - 394. 

II. o'2rii in 17-07 bensene gave A* - — o 174 0 ; 
M.W. - 391. 

Tbit number is higher than that given in my previous 
paper, and in view of the results obtained in the distilla- 
tion of this larger quantity of bydr ocai bon the discrepancy 
is readily explained. Although the breaking up of 
spinacene when distilled over sodium does not appear to 
take place at all rapidly until a temperature corresponding 
with a pressure of about 40 to 50 mm. is reached, there 
can be no doubt that a little decomposition does occur 
even at lower temperatures, and that the hydrocarbon which 
I originally used for the molecular weight determinations 
must have been contaminated with a little of the decom- 
position products of lower boiling-point. 

It may be recalled that the average results of five 
analyses of the hydrocarbon given in my previous paper 
were as follows C- 87*75 ; H-1245. 

The above results therefore agree well with the formula 
CaoH 4 8, which requites C- 87-88 ; H- 12*12 per cent; 
M.W. -396. 

Taking the previously determined number for the 
specific refraction, namtly, 03394, the molecular refrac- 
tion it 134*4. Employing Conrady’s average numbers for 
the atomic specific refractions (D-linr), with tlx 

ethenoid linkings requires 134 3. Taking the specific 
dispersive power of spinacene as 0*0114 its molecular die 
persion, (*y-r«)M, is 4*51. Taking Eicenlohrs numbers 
for the atomic dispersion for the «- and 7-hydrogen lines 
the calculated number ia 4*21. 

As the results of the analysis of the bexahydrocbloride 
which I had previously prepared were in fair agreement 
with the higher formula, C30H50. I determined to prepare 
a larger quantity of this compound and to submit it to a 
very thorough process of purification. It was prepared as 
before, by passing dry hydrogen chloride into a well cooled 
solution of spinacene in dry ether. The resulting hex %• 
hydrochlof ide was then purified by dissolving it in warm 
bensene and adding alcohol until the compound com- 
menced to separate, and finally by crystallising from warm 
bensene alone. Chlorine estimations were made in each 
crop of crystals, and the process of recrystallitation was 
repeated until the chlorine percentage, which showed a 
tendency to increase, became constant. After the third 
recrystallitation the substance was analysed, with the 
following results: — 

0*2020 gave 0*2814 AgCI ; Cl ■ 34*45. 

0*2145 Mve 0-2990 AgCl ; Cl -34*49. 

C*9H 4 8,6HC1 requires Cl -34 *6o per cent. 

In the process of recrystallisation the melting-point also 
rose, the final preparation becoming pasty at about iao° 
and melting to a clear liquid at 126°. During this proceae 
of recry at allisation a small quantity of an oily substance 
containing about 24 per cent of chlorine was separated 
from the mother-liquors. It will be teen that the above 
result ia in far better agreement with the formula Cf9H 4 s 
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than with the formula previously suggested, namely, 
C30H50, which requires Cl -33*86 per cent. A 5 per cent 
solution of the hydrochloride in benzene was found to be 
optically inactive. 

When heated for some time with boiling water, in which 
it appears to be quite insoluble, no decomposition 
occurred. When heated, however, for some time with a 
mixture of alcohol and water, the crystals soon became 
pasty, and the liquid, after filtering, gave a strong reaction 
for chloride. 

In the course of these experiments a further quantity of 
the oily hydrochloride soluble in ether was obtained, but 
there is some doubt as to the definite character of this 
compound, and a further study renders it very doubtful 
whether it constitutes a product intermediate between the 
hydrocarton and the crystalline hexahydrocbloride. 

Decomposition of Spinacene Hexahydrocbloride by Heat . 

I have previously directed attention to the fact that 
when this compound is heated to a temperature above its 
melting-point, hydrogen chloride is liberated. 2*14 grms. 
of the hydrochloride were introduced into a weighed test 
tube, which was connected with a vacuum pump. The 
tube was then immersed in an oil-bath and heated for four 
hours to 150°. Hydrogen chloride was freely evolved, 
particularly at the commencement of the experiment, and 
at the end of the above time it was found that 0*32 grm. of 
hydrogen chloride had been lost. The heating was then 
continued, but as the evolution of gas became very slow 
the temperature of the bath was raised to 190°, at which 
temperature it was maintained for seven hours. At the 
end of this time a further 0*36 grm. of hydrogen chloride 
had been given off, making a total loss of o*68 grm., the 
total amount present in the hydrochloride taken being 0*76 
grm. At this point the evolution of hydrogen chloride had 
become so slow that the experiment was stopped. 

The oil remaining in the tube was fairly mobile and of 
a pale red colour. The iodine value of this oil was 255 5, 
and it contained Cl -5*2 per cent. A 10 per cent solution 
in benzene was found to be optically inactive. 

From this experiment it would appear that the hydro- 
carbon left after expelling the hydrogen chloride by heat 
differs from the original spinacene in being less unsaturated, 
due probably to the occurrence of some intramolecular 
change, such sb that involved in the conversion of pinene 
into campbene. The molecular weight of this oil deter- 
mined by the depression of the freezing point in benzene 
solution was 479, showing that, in addition to the 
above intramolecular change, there had been some 
polymerisation. 

Action of Hydrogen Bromide . Spinacene 
Hexahydrobromide. 

Dry hydrogen bromide was passed into a well cooled 
solution of spinacene in several times its volume of dry 
ether. Shortly after the liquid had become saturated a 
white substance formed, which appeared to consist of a 
crystalline substance and an oil. A further quantity of 
dry ether was added, and the precipitate was separated, 
washed with ether, and dried. This substance was 
purified by dissolving it in bensene, adding alcohol until 
the separation of the compound just commenced, and 
finally by recrystallisation from benzene alone. After three 
recrystallisations the product appeared to be pure, and 
gave on analysis the following results : — 

0*2061 gave 0*2640 AgBr ; Br — 54*51. 

C 29 H 4 8,6HBr requires Br- 54*42 per cent. 

As in the case of the hydrochloride it will be seen that 
this percentage accords much better with the formula 
C29H48 than with C30H50, the theoretical percentage of 
bromine in the latty case being 53*57. 

The hexahydrobromide is a brilliant white crystalline 
compound closely resembling the hydrochloride in 
appearance as well as in respect of its solubility in the 


commoner solvents. As in the case of the bexabydro- 
chloride the yield is not very large, oily compounds being 
formed at the same time. Thus in one experiment in 
which a solution of 5 grms. of spinacene in 10 cc. of ether 
was saturated with hydrogen bromide and allowed to 
remain for twenty-four hours, the yield of the hydro- 
bromide did not exceed 6*5 grms. When heated the 
crystals soften at about 126° and melt to a clear liquid 
at about 132°. When heated to a still higher temperature 
decomposition occurs, hydrogen bromide being freely 
evolved. 

I have devoted a good deal of care to the purification of 
the hydrochloride and hydrobromide of spinacene, since 
these compounds are definite and well crystalline, and 
consequently afford the best indication as to the correct 
molecular formula of the hydrocarbon. It will be seen 
that all the results given above agree well with the 
formula C 29 H 4 8, and although the other derivatives 
described in my previous communication are less well 
defined than the hydrogen haloids and not very easily 
purified, attention may be directed to the fact that, with 
one exception, the analytical results in all cases agree 
better with the formula than with C30H50' This 

will be more clearly Been by reference to the following 
numbers : — 


Found. 

Spinacene trinitrosochloride— - 

Cl- 1848 

N - 736 

18*00 

7*10 

CsoHflo- 

17*50 

6*92 

Spinacene trinitrolpiperidide — 

N- 11*52 

11*38 

11*20 

Spinacene trinitrolbenzylamide — 
N- 10*58 

1045 

10*27 

Spinacene hexanitrosochloride — 

N - 10*62 

Cl- 27*42 

10*65 

27*00 

10*46 

26*52 

Spinacene nitrosate — 

N- 12 *80 

12*50 

12*30 


The single exception referred to above is the dodeca- 
bromide, which contains Br-69‘7 as compared with 70*79 
per cent required for the lower molecular formula and 
70*07 per cent for the higher. I have already indicated, 
however, that the action of bromine on spinacene is very 
complicated, both addition and substitution derivatives 
being simultaneously formed. The bromine compound is, 
moreover, either insoluble or only very sparingly soluble 
in the great maj Drity of the ordinary organic solvents, and 
could only be purified by the addition of alcohol to its 
solution in tetrachloroethane. It is quite possible, there- 
fore, that this compound has not as yet been obtained in a 
state of purity. 

Action of Nitric Acid on Spinacene . 

Nitric acid (D 1*42°) mixed with an equal volume of 
water was added to spinacene and the mixture warmed. 
A very vigorous reaction occurred with the evolution of 
oxides of nitrogen. After the reaction bad subsided water 
was added, and the solid substance which was formed 
was collected, washed, and dried. It was purified by dis- 
solving it in aqueous sodium hydroxide and by com- 
pletely saturating the solution with carbon dioxide. The 
precipitate which formed was separated by filtration, and 
the clear filtrate, on acidification with dilute sulphuric 
acid, gave a further precipitate. The latter substance was 
almost insoluble in ether or petroleum, but moderately 
soluble in alcohol. It dissolved readily in glacial acetic 
acid, from which solvent it was obtained by the gradual 
addition of water as a pale yellow precipitate. 

It is clear that in the above experiment at least two 
products are formed, and doubtless others could be 
obtained by modifying the conditions of nitration. 
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Decomposition of Spinacene by Heat in the pretence of 
Sodium . 

At tbe commencement of this paper I referred to the 
fact that a considerable quantity (about 500 cc.) of 
spinacene bad been distilled over sodium at temperatures 
corresponding with a pressure of about 45 mm., and that 
evidence was obtained that under these conditions some 
de co mposition had occurred. The oil which distilled over 
between 280° and 295°, and measured about 400 cc., was 
submitted to fractional distillation (without sodium) under 
a pressure of about 40 mm. The following four fractions 
were finally obtained : — 

1. 84—88° (about 60 cc.). 

2. 155— 175 0 (about 60 cc.). 

3. 220—275° (about 80 cc.). 

4. 295—298° (about 150 cc.). 

An almost colourless viscous substance remained in the 

flask. 

The first of tbs above fractions, which consisted of a 
fragrant mobile liquid, was purified by steam distillation, 
followed by fractional distillation. The greater portion 
(about 50 cc.) boiled constantly at 69720 mm. 

0*1097 gave 0*3470 COj and 0*1268 HaO; 0-86*26; 

H - 13*02. 

0*1121 gave 0*3555 CO* *nd 0*1301 H a O ; 0-86*48; 

H- 12*89. 

Prom the above it was clear that this liquid consisted of 
a hydrocarbon and contained about 0*6 per cent of 
oxygen. It was therefore redistilled several times over 
•odium, and the portion boiling at 51— 547*0 mm. again 
submitted to analysis : — 

0*1291 gave 0*4120 COa and 0*150 H a O; 0-87*02; 

H — 12 90. 

CioHxt requires 0-87*0 *, H -13*0 per cent. 

This hydrocarbon boils under the ordinary pressure at 
170— 175°, a little polymerisation apparently occurring 
during the process. It is optically inactive. The following 
m ole cu lar weight determination was made by the 
cryoecoptc method 

0*4021 in 16*36 bensens gave A* - -0*909° ; 
M.W.-135. 

C10H18 requires M.W.-138. 

Its specific gravity at 15715° “ 0*8149 and at 
34720° -0*81 25. 

Its index of refraction at 15° - 1*4588 and at 
ah°— 1*4565. 

Its specific refraction calculated by the--?- 7 \.» 
r (» # + a)d 

formula is 0*3353, and tbs molecular refraction is 46*3. 

Taking Conrady’s average numbers for the atomic 
specific refractions (D-line), CxoHxs with one etbenoid 
finking requires 45*8. 

The following estimations were made of the amount of 
bromine capable of uniting with the hydrocarbon. The 
bromine was dissolved in carbon tetrachloride and added 
to a carbon tetrachloride solution of the hydrocarbon 
under water, the liquid being cooled by means of ice. By 
working in this way a correction could be made for the 
— n amount of hydrogen bromide formed as the result of 
raattaneoua substitution. The following are the results 
of two experiments :— 

A. B. 

Substance taken (grm.) 0*1878 0*1348 

Bromine ooiting with hydrocarbon (grm.) 0*2264 0*1646 

Both these numbers are in close agreement with the 
addition of two atoms of bromine to one molecule of the 

^An’SmeresulU point to this substance being a cycio 
dihydroterpene, and its properties appear to suggest that 
it may prove to be identical with cyc&dihydromyrcene or 
with cycfolioaloolene. It may be of interest to give for 
purposes of comparison the physical properties of cycio- 


dih)dfomyrcene (flrr., 1901, xxxiv., 3128) and of cycUh 
lina.'oolene (Brr., 1894. xxvii., 2521) : — 



Hydrocarbon 

from 

ryc/oDi* 

hydro- 

cy<loL ina- 


tpinacene. 

myTcene. 

looleoe. 

Molecular formula . . 

CxoHxS 

CxoHxS 

C10H18 

Boiling-point . . . . 

I 7 °-I 7 i° 

169—172° 

165 - 167° 

Specific gravity. . .. 

0*8l5 

0*828 

0 8ll 

Refractive index • • 

**459 

1*462 

1*460 

Number of atoms of 
bromine added . • 

Two 

Two 

Two 


Had time permitted specimens of t/tfodibydromyreene 
and of ryc/olinaloolene would have been prepared for the 
purpose of making a fuller comparison. This I hope 
will be done at some future time. In the above work 
steps were taken to make it quite clear that this terpenic 
hydrocarbon was not formed by the action of sodium on 
the small amount of oxygenated constituent occurring in 
the spinacene used. To tbit end the tpinacene, after 
having been distilled over a considerable excess of sodium 
under 10 mm. pressure, was then redistilled over a further 
quantity of sodium under 40 mm. pressure. From the 
distillate the terpenic hydrocarbon described above was 
separated by steam distillation. The recovered and 
unchanged spinacene was then for a third time distilled 
over sodium under 40 mm. pressure, with the result that a 
further quantity of the terpenic hydrocarbon was obtained. 
There can therefore be no reasonable doubt that this cycio - 
dihydroterpene does, in fact, result from the breaking up 
of the spinacene molecule. The view which I ventured 
to put forward in my first communication, that spinacene 
would prove to be related in some way to the tet penes, is 
therefore correct. The presence in large quantities in 
fish-liver oil of a complex hydrocarbon closely related to 
the terpenes is, 1 think, of very considerable interest both 
from the chemical and from the physiological points of 
view. In this connexion it may be recalled that there is 
very strong evidence that cholesterol, a substance having 
neatly the same number of carbon atoms in its molecule 
as spinacene and occurring also in fish-liver oils, is a 
complt x terpene compound. 

The second fraction obtained from the decomposition 
of spinacene was also a fragrant tolerably mobile liquid 
boiling at 109— it5°/i° mm., having an average mole- 
cular weight of about 190 and a specific gravity at 
I57 i5°_o 868 and at ao 0 /2o°-* 0*865. This, as well as 
the viscous products left in the distillation flask, which 
doubtless consist of polymerisation products formed during 
the process, will, it is hoped, be subjected later on to a 
further study. Except perhaps in one direction in which 
results of industrial importance may be anticipated, the 
further examination of tpinacene and its derivatives will 
have to remain in abeyance until more normal conditions 
again prevail. 

I desire so express my thanks to Miss D. J. Minter and 
Mr. C. W. McHugo for valuable assistance in connection 
with this work. 

Herb Growing.— One of the happier results of the war 
has been the revival of herb growing in this country, 
thanks very largely to the public-spinted seal of lady 
gardeners and others who are aiming to supply the needs 
of a market which had hitherto been far too dependent 
upon Germany. Much of our oldest garden lore has its 
origin in the early Herbala, which instructed our fore- 
fathers in all the useful points of husbandry, besides the 
cultivation of herbs for medicine ; but long before the war 
we had allowed the industry itself, for all serious medical 
purposes, to pass into German bands. In order to foster 
the present movement for the revival of tbisphmsant craft, 
a handbook on this subject, full of varied information, 
has been written by Dr. David Ellis, Professor of Botany 
in the Royal Technical College of the University of 
Glasgow, and will shortly be published by Messrs. Blackie, 
entitled “ Medicinal Herbs and Poisonous Plants." 
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THE VERTICAL RETORT OF THE SHALE-OIL 
INDUSTRY.* 

By O. T. M’KILLOP. 

The shale-oil industry owes its existence to Dr. James 
Young, who in 1847 bad his attention directed to a small 
stream of oil flowing from the top of a coal-working at 
Alfreton, Derbyshire. The supply became very soon 
exhausted, and Dr. Young then set out to imitate the 
process by which he thought the oil had been produced, 
t>y the action of a gentle heat on coal, and in 1850 he 
brought out his famous patent for “obtaining paraffin, oil, 
or an oil containing paraffin from bituminous coals by slow 
distillation.’* During the progress of his experiments a 
highly bituminous mineral called Boghead coal or Tor* 
banehill mineral was found near Bathgate. It contained 
from 60 to 70 per cent of volatile matter, and on slow dis- 
tillation gave from 120 to 130 gallons of crude oil per ton. 
This mineral was worked out by 1862. The retorts first 
erected at Bathgate were the ordinary horizontal gas- 
retorts, coal fired, and I do not think any attempt was 
made to utilise the permanent gas as fuel. The condensed 
water containing ammonia, sulphides, &c., was allowed to 
pollute the neighbouring streams. Although oil-works 
and gas-works have retorts in common, their ultimate 
objects diverge. The oil- works try to make as much oil 
as possible at the lowest possible temperature ; gas-works 
use a high temperature to get a large yield of gas. Even 
at that early age in oil-retort evolution Young was not 
satisfied with the quality of the oil, and about two years 
afterwards be erected three cylindrical cast iron retorts 
vertically in a fire chamber common to the three. The 
tops were surrounded by hoppers, and the bottoms were 
sealed by dipping into troughs of water. The retorts were 
some 18 inches diameter and about n feet high. Owing 
to the tendency of the B3ghead mineral to swell and stick 
in the retort, Young next devised a tapered cylindrical 
retort, set in brickwork, with the larger end down and 
sealed in water. Eich retort was fitted with an internal 
helical screw, the shaft projecting upwards, and driven 
from a main shaft by a gear. The helical screw was kept 
in slow motion, and carried the contents of the retort 
slowly downwards and prevented sticking. This method 
was quite successful, and was continued for eight years. 
Then a new shape of retort was devised with an elliptical 
cross section and much larger at the bottom than the 
top. The retort gave the fire a greater surface to play on, 
and less depth of material for the heat t > penetrate. 

The advan a agesof the vertical retort over the horizontal 
for oil-producing purpDseswere early realised. A larger 
ield of oil of better quality was obtained, due to the 
etter and easier regulation of the temperature. 

In i86x it was found that a current of steam passed up 
through the shale increased and improved the yield of oil, 
and the yield of ammonia aho was doubled. Steam in 
the horizontal retort was not so effective, as it passed over 
the top of the shale. The progress made in retorting shale 
may be summarised thus:— z. Adoption of a vertical 
retort. 2. Construction of a retort with an elliptical 
cross-section. 3. Introduction of steam at the base of 
the retort. 

The next step forward was to try to utilise the carbon 
left in the spent shale (about 12 per cent) to give gas. 
The former retorts were worked at the lowest possible 
temperature to get good hydrocarbon oil, and did not give 
enough permanent or uncondensable gas to fire them- 
selves. They had to be assisted by coal fires. The 
Henderson retort of 1873 was the first of this series, and 
was very successful. These retorts were of cast-iron, 
elliptical in cross section, and were placed in a vertical 
position in an oven that was common to four. This retort 
effected a saving of 50 per cent in coal as fuel over the 
other retorts, mainly due to the gas, which has a high 

• A Paper read before the Scottish Junior Gas Association, Western 
District. From Chemical Engineering, May, igx8. 
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calorific value, assisted by the combustion of the residual 
carbon in the furnace. Tnis was a good oil-retort, but 
wasteful of ammonia, as the nitrogen in the badly 
exhausted shale did not form ammonia but was lost in the 
spent flue gas. From this type of retort with a good 
shale the yield was 27 gallons of oil per ton and 14 lbs. of 
sulphate of ammonia. 

The next advance was the retort of Messrs. George T. 
Beilby and William Young in 1881. This quickly super- 
seded all the other forms, as it gave a good yield and 
quality of oil and utilised the carbon and nitrogen in the 
oil-exhausted shale to give gas and ammonia. The 
modern retorts are modifications of this one, which 
brought up the yield of ammonia from 14 lbs. in the 
Henderson retort to 40 lbs. 

We now come to our present-day retorts and method of 
working. The shale is brought up from the mines in 
hutches by an endless rope, tipped into a shoot, and 
crushed between heavy toothed rollers into lumps of 5 lbs. 
and less. From the shale-breaker it is delivered into 
hutches holding abaut 18 cwt., and conveyed by endless 
rope ti the top of the retort-bench, and there emptied into 
the charging tmks or hoppers of the retorts. 

The present Henderson retort is vertical, the total 
height from the ground to the top of the bench being about 
63 feet. The iron part of the retort is elliptical in shape 
and tapered, and is surmounted by a hopper carrying a 
twenty- four hours* supply of shale. The iron part is 
2 ft. 9} in. by 1 ft. 2f in. at the tep, and 3 ft. by 1 ft. 5 in. 
at the bottom, and is 14 ft. long. The bottom part of the 
retort is of fire-brick, rectangular in shape and 20ft. long. 
The taper is continued, and at the base of the brick 
retort the dimensions are 4 ft. 8 in. by 1 ft. 10 in. Here 
are two toothed rollers which support the column of 
shale and regulate the speed at which it is allowed to 
come down through the retort. Beneath the rollers is an 
iron receptacle to receive the spent shale. This is emptied 
four times in the twenty-four hours, and the exhausted 
shale is sent to add to the large heaps which are seen 
adjacent to all shale woiks. In a bench there are two 
rows of retorts— twenty or more in each row. The bench 
is built up 6 ft. clear of the ground, to allow the hutches to 
be run under to discharge the spent shale. 

The superiority of the present Henderson retort over its 
predecessors is that no coal gas or producer gas is re- 
quired to aid the retorting of the shale. From the shale 
itself, without deteriorating the quality of the oil or 
sacrificing any of the condensable products, sufficient gas 
of good calorific value is obtained to maintain the neces- 
sary temperature of the retorts, and this with shales much 
inferior to those which used to be put through the old 
retorts. The fuel gas is led along each side of the bench 
! of retorts at a pressure of 6 inches, and the gas is led into 
the bottom of the brick retort by 2-inch p’pes — three pipes 
for every two retorts, each pipe controlled by a valve. 
The centre pipe feeds the middle flue, which runs from 
front to back, then up and from back to front, up again, 
and so on till it reaches the even of the iron retorts. The 
oven has four retorts, and the spent gases are drawn off 
by two vertical flues in the sides of the oven. These flues 
are controlled by dampers, and the burnt gases are allowed 
to escape into the atmosphere from shott iron chimneys 
carried up to clear the charging hoppers. When working, 
the base of the retort is at the highest temperature, that 
of the flues being z ioo° C. at the two bottom rows of 
ports. The heat decreases higher up the retort, being 
about 8oo° C. at the junction of the iron and brick retorts 
and 6oo° at the middle of the oven in which the iron retorts 
stand. These are flue temperatures, and necessarily 
higher than the actual temperature inside the retort. 

The shale moves slowly down from the charging-hopper 
into the iron retort, where it meets the hot products of 
distillation coming up, and as it moves on it is subjected 
to slowly increasing heat. By the time it is through the 
iron retort the M kerogen,” or oil-forming material, has 
been distilled off at the lowest possible temperature, and 
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In the pretence of steam, which protects the hydrocarbons. 
The partially exhausted shale, containing carbon and 
nitrogen, moves slowly downwards Into the fire-brick 
retort, and as it descends is subjected to a rapidly in- 
creasing temperature and the action of a current of steam. 
The carbon and steam react, giving hydrogen and carbonic 
acid, and some carbonic oxide when the temperature is 
high enough, and the ammoniacal nitrogen is evolved from 
the shale in the form of ammonia. The presence of a 
liberal supply of steam prevents the decomposition of the 
ammonia during its passage through the hot area. After 
passing the rollers the eabausted shale drops into the 
bottom hopper and is withdrawn at regular intervals. 

The condensed ammonia water is about 100 gallons 
per too of shale, and the quantity of sulphate of ammoria 
from 40 lbs. to 6olbs., according to the particular seam. 
A good oil shale will yield 25 gallons of oil per ton of 
0*868 sn. gr.. and give 8000 cubic feet of permanent gas, 
containing 56 8 per cent of combustible matter. The 
volatile matter in good shale (Broxburn seam) is 25*5 per 
cenc ; the residue, 74*5 per cent. The ultimate percentage 
composition of volatile matter is:— Carbon, 19*12; hy- 
drogen, 2*94 • nitrogen, 0*54. From every 100 tons of 
shale pot through there are 75 tons to be drawn and put 
on the heaps, and as we put through upwards of 2000 
tons per day it can be understood that the heaps in the 
shale districts are rapidly becoming mountains. The life 
of these large retorts is proportional to the usage they get. 
If they are overdriven by too much shale being put 
through, then the flue temperatures have to be raised and 
the retorts stick and give trouble. We find our retorts 
are rood for some eight or nine years without any great 
amount of repairs. The retorting is continuous. 

The products of destructive distillation at this stage are 
crude oil, condensed water containing ammonia, and gas. 
There is no difficulty in separating one from another. 
The oil is light, floats easily on the water, and is not 
viscous. The scrubbed gas goes to fire the retorts ; the 
condensed ammonia water and water from the scrubbing 
towers is pumped into the Henderson ammonia stills, 
where the ammonia is driven off and trapped in a 
saturator with sulphuric acid. The sulphate of ammonia 
made is almost white, with 25 per cent of ammonia when 
dry. The crude oil, of 0*370 to 0*875 sp. gr., which is 
dark brown in colour with a green fluorescence, and which 
solidifies at about 8o° F., is pumped across to the 
refinery aod dealt with there. 

Distillation gives from the crude oil (1) Crude motor 

3 frit and naphthas ; (2) light oil, once run *, (3) heavy 
1 and paraffin, once run ; (4) heavy oil ard paraffin 
from the pot stills with coke as a residue and a quantity 
of permanent gas. The coke is valuable, as it contains 
only about 1 per cent of ash. The gas is collected, and 
a quantity goes to the gasholders to light the village, 
the surplus being returned to heat the stills. The fractions 
are refined with oil of vitriol, which removes a quantity of 
heavy tar, treated with weak soda to remove traces of 
acid, and separately re-distilled. This treatment and 
distillation process is repeated until the products are at 
marketable standard. 

The prodocts obtained by the fraction il distillation and 
refining of crude oil are (in addition to gas and coke) 

Per cent. 

Motor spirit, 0715 sp.gr 1 

Naphthas, 0*730-0*745 sp.gr J 3 5 

Oil for internal combustion engines, 0*770— ) 

0785ip.fi... .. 

Lamp oils, 0*795—0*805 sp. gr 

Lighthouse oil, 0*810 sp.gr 

Gas or fuel oils, o 850 -0 865 sp. gr. . . 

Lubricating oils, 0 885- 0*895 *P* P* •• 

Paraffin wax— 

Soft, melting-point 100— xxo° F 4 0 

.Hard for candles, melting-point x 20— 125° F. 6*1 


30 3 


io*4 
?8 8 


73 * 


The loss in refining is in tar and decomposition of 
hydrocarbons giving ^as and coke. The proportion of 
prodocts obtained vanes within limits according to the 
temperatures employed io distilling and the qoantity of 
steam used. The lighter oils are becoming increasingly 
utilised for internal combustion engines, as they are of 
high calorific value — about 19,000 B.Tb.U. per pound; 
and if combustion is good the products are harmless. 
The gas or fuel oils, which used to be largely taken by 
gas-works and railways to enrich poor gas or to make oil 
gas, which is very compressible, are now being very much 
employed by high-speed vessels of the Navy. It is the 
ideal fuel for rapid steam-raising. It is light in weight, 
and not easily frosen, even by extreme cold. One ton is 
almost as good as two tons of coal, and with a proper 
burner it is smokeless. 

Formerly the gas went to waste, and we bad a small 
gas-works. Some years ago it was consideied w or th 
while to connect up the gas outlets of the coking-stills, 
and we foood we had an ample supply of a good gas, 
practically free from sulphur, containing no cnboo 
monoxide, and of high illuminating value. The coal 
retorts were stopped, and the gas, mixed with air to 
make it suitable for ose with mantles, was sent to the gas- 
holder. It does very well, aod the purifiers can run for 
months without attention. The composition of the gas is 
rather peculiar, as it is a m xture of permanent gas, very 
volatile hydrocarbons, and air. We found the proper 
admixture of air quite easy to regulate by having in- 
candescent burners, upright and inverted on the inlet sod 
outlet supply in the pumping-house, and the man in 
charge kept these giving a good and clear light. When 
the eas gets poor or too rich it is passed to the furnaces. 
With a little practice the man keeps his mixture right 
within 3 per cent. 


GREAT BRITAIN'S INTEREST IN THE 
METRIC SYSTEM OF WEIGHTS AND MEASURES. 

By HARRY ALLCOCK, M.I.E.E., A.M.I.Mcch E. 

i. When the war is over it must be paid for. The burden 
of post-war taxation can only be lightened by increased 
production, and by the sale of thete excess prodocts to 
overseas consumeis. 

2. Provided always that the menace of a conflict 
between Capital and Labour is removed without reverting 
to “ restriction of output,” and that adequate supplies of 
raw materials and cheap power are assured, we shall find 
ourselves at the end of the war with enormously i ncr eased 
resources for cheap production as compared with our pre- 
war position. The capacity of our industries to absorb 
the labour of our demobilised fighting forces will thus 
depend mainly upon our ability to increase the demand 
for oar goods. 

3. Unfortunately, our sales organisations have neces- 
sarily been neglected during the war period, and in addi- 
tion to the fact that other countries have not failed to 
profit by our temporary inability to execute overseas 
orders, we must bear in mind that post-war ecooomk 
pressure will intensify the internet onal struggle for com- 
mercial supremacy. 

4. We shall accordingly find ouisslves confronted by 
unusually keen competition abroad at a time when the 
national interest demands an enormous expansion of our 
overseas trade. It will thus be just as necessary for us to 
organise our export trade as it was for us to organise, foe 
instance, the manufacture of shells and other war 
munitions. 

5. This necessary organisation and development of our 
export trade will demand the elimination of all hampering 
influences. In this connection it will then be remembered 
that for years oast our overseas representatives — both 
Government and private — have urged the importance of 
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oar more txtensive use of the international metric system 
of weights and measure which so many of our present and 
potential overseas customers already employ. (The ase 
of the metric system is obligatory in 34 countries, repre- 
senting a population of over 437 millions, and optional in 
a farther xi countries having a population of over 727 
million people). 

6. Whether we like it or not, we already find oarselves 
compelled to use the metric system for a portion of oar 
trade and to an ever increasing extent. The retention of 
oat own British system thus compels as to handicap oar- 
selves by working in two systems where one would suffice. 
For the reassurance of those who, having no intimate 
knowledge of the metric system, feel some alarm at the 
suggested abandonment of the British system in its 
favour, the following statement by the Right Hon. A. J. 
Balfour, M.P., may be quoted. Replying to a deputation 
in 1895 he said : — 

14 Upon the merits gf the case, I think there can be 
no doubt whatever that the judgment of the whole 
civilised world, not excluding countries which still 
adhere to the antiquated systems under which we suffer, 
has long decided that the metric system is the only 
rational system.” 

7. Germany employs one system— the metric system — 
throughout her laboratories, workshops, home trade, and 
foreign trade. Britain employs the metric system in her 
laboratories, the British system and the metric system in 
her workshops, the British system for our home trade, and 
the metric system for part of her export trade. (Our 
Colonies have already signified their desire to adopt the 
metric system simultaneously with the Mother Country). 

8. Wben we realise that our national existence depends 
upon our ability to sell British manufactured goods to all 
nations, to develop a world-wide trade, it will be 
apparent that Great Britain, more than any other country, 
would benefit from the establishment of a universal 
system of weights and measures. It will be obvious that 
our adoption of the metric system would establish it as the 
universal language of quantity, but, on the other hand, it 
is equally clear that the British svstem could never become 
the universal system, because of its inherent defects. In 
the early seventies Germany adopted what was then 
known as the French metric system, notwithstanding the 
anti-French sentiments then existing on account of the 
Franco- Prussian war. Since that date the use of the 
system has been extended to 24 additional countries, and 
It is now truly described as the international metric 
system. These facts should be borne in mind by those 
who may be inclined to consider that our adoption of 
the metric system would benefit Germany more than 
ourselves. 

9. At the end of the war British manufacturers will not 
merely revert to their pre-war standard products— new 
designs and new methods will be the order of the day, and 
a unique opportunity is thus presented for the reorganisa- 
tion of British firms on the metric basis. If all sales were 
then compulsorily made in terms of the metric system it 
would follow that all new designs, patterns, &c., would be 
prepared on the metric basis, but the old patterns, &c., 
could be continued in use for manufacturing purposes 
until they became worn out or obsolete. In selling the 
products of these old British-dimensioned patterns, &c., 
all dimensions in tenders, invoices, &c., would be given 
in metric equivalents, just as we do to-day in our export 
departments. With the passage of time such conver- 
sions would naturally decrease in volume, and finally 
disappear, whereas, under existing circumstances, they 
must increase continuously. 

xo. In some cases where the coincident use of the 
British and metric systems during a transition period could 
be shown to be especially inconvenient, it would not be 
unreasonable for the Government to bear the cost of the 
change by, for instance, allowing the firms in question to 
retain out of the amount they would otherwise pay in 


excess war profits a sufficient sum to enable them to 
replace their present stocks of British - dimensioned 
patterns, &c., by new metric patterns, &c. Any costs so 
borne by the nation as a whole would be speedily 
reimbuised to the taxpayer through the medium of the 
reduced taxation rendered possible by the consequent 
expansion of our export trade and its attendant 
benefits. 

The value of the collateral advantages accruing to the 
entire community from our adoption or the metric system 
(#.£., the economics of time and labour in education, in 
calculations involving quantities and dimensions, in com- 
munications between the scientists, the producers, and the 
consumers of the world) cannot be expressed in money, 
but it would be admittedly very great. 

It should also be remembered that the longer our 
adoption of this inevitable reform is deferred the greater 
will be the magnitude and extent of the incidental diffi- 
culties to be overcome. 


j COAL SAVING BY THE SCIENTIFIC 
I CONTROL OF STEAM BOILER PLANTS. 

An important paper on the above subject appeared recently 
in Engineering (July X2 and 19, 19x8) detailing some 
exhaustive tests of the efficiency of a number of typical 
steam boiler plants in England, Ireland, Scotland, and 
Wales. 

The results show that the average nett working efficiency 
of steam boiler plants is 60 per cent, while by adopting 
scientific methods of working 75 per cent efficiency is quite 
possible. 

The author of the article, Mr. David Brownlie, B.Sc., 
F.C.S., gives a number of very interesting figures, and in 
conclusion states : — 

No attempt is made to purchase fuel on scientific lines, 
on the actual heating value of the fuel supplied and its 
suitability for the particular conditions of the given boiler 
plant. No check is kept on the cost of production of a 
unit of steam and on the general performance of the plant. 
Thousands of factories are short of steam in spite of the 
fact that a very moderate amount of reorganisation of the 
boiler plant would give all the extra steam required from 
the same number of boilers, and the reorganisation would 
be paid for in a few months by increased factory pro- 
duction. Thousands of boiler plants are being worked 
under shocking conditions as regards attention to repairs 
and up keep conditions which would not be tolerated for 
a moment in connection with engines and general 
machinery. 

The reason of this deplorable state of affairs is, first, 
because the question of the economical generation of steam 
is essentially the business of a specialist, comptising a 
combination of technical chemistry and engineering quite 
outside ordinary practice. It seems very probable that 
the conditions of steam generation in this respect are much 
the same all over the world. The author has examined a 
number of steam boiler plants in France, and the general 
working conditions appear to be very similar. In the United 
States the average working efficiency does not seem to be 
more than about 60 per cent, on a coal bill at the present 
time of certainly over 300,000,000 tons per annum. 

Secondly, in Great Britain at any rate, the trouble is 
due to conservatism, to a general disinclination to apply 
modern methods of applied science and organisation, a 
characteristic that applies to many other national questions 
besides that of coal economy. 

What is required at once is that a quick survey should 
be made of all the boiler plants of the country by the few 
real experts on the question we possess. 

This work cannot be done by amateurs or by people 
who are unused to technical conditions and organisation. 
When such a rapid survey has been made an immediate 
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reorganisation of the largest and most wasteful of the 
boiler plants of the country should be carried out, together 
also with the utilisation of the large stocks of refuse coal 
at many collieries for boiler plants working under easy con- 
ditions as regards steam output. There is not the slightest 
doubt that at least 500,000 tons of coal per annum could 
be saved in this way, commencing in six months time, and 
the necessary labour and material for the reorganisation 
would be very small in comparison to the national saving 
obtained. If priority certificates for plant and machinery 
were granted only to work of real national impoitance the 
labour and material required for reorganising existing 
steam boiler plants on the above lines would be far less 
than that now taken up by work of no importance what- 
ever. Such a scheme would have the additional advantage 
of releasing a large number of steam boilers, probably 300 
to 400 in six months, and economising steel now being 
used to make new boilers, as the reorganisation would 
include the shutting down of many boilers and working the 
remaining boilers at the proper steam output. The cost 
of the reorganisation could, if necessary, be borne by the 
Government, and would, in fact, be a most profitable 
investment. 

The larger question of a great national scheme of 
economical utilisation of our coal resources requires the 
moat careful and thorough investigation with a vast amount 
of experimental and rt search work, and we have urgent 
need of every experienced man in the country to unite 
and concentrate upon it. 

Whatever national method or methods of reorganisa- 
tion is finally adopted for power production it has to be 
remembered that a very large amount of steam will always 
be required in industry for heating, boiling, and general 
technical processes quite apart from power production, 
and this amount will probably correspond to between 
I5,ooo,oootoosand 30,000. 000 tons of coal per annum. The 

? location of the economical generation of steam will there- 
ore always be a very important part of the greater 
nataooa! scheme of coal economy, even if all the power in 
the country is generated by gas-engines and the by-pro- 
ducts of the distillation of coal. In such an event the fuel 
for ateam raising will probably be chiefly coke and coke 
breexe. If, however, it is decided that a large part of our 
power is to be produced by steam plant, then the question 
of economical steam generation will be of still greater 
importance. 

in any case the immediate reorganisation of the largest 
and most Inefficient plants could be undertaken chiefly in 
connection with those plants which will always require to 
produce a large amount of steam for purposes other than 
power production, so that the reorganisation would fit in 
with the future and larger scheme of national coal economy 
to be applied to the whole country. 


German Industry aid the War.— The Sociiti d t 
CkUmu IudustrUlU has recently issued a special number 
dealing with German industry and the probable effects of 
the war upon it. The industrial condition of Germany 
before 1914 is described, and the excellent means now 
being adopted to better her position arc pointed out, high 
tribute being paid to her spirit of investigation and 
organisation. Finally, Germany’s post-war aims are 
re vi e wed, and the lessons that France and all the Allies 
have to learn are put forward very strikingly and clearly. 
It ie shown that Germany is concentrating all her atten- 
tion upoo measures for regaining her position in the world 
markets, and the need for reform in the training of science 
students in France is emphasised. Laboratory work and 
chemistry generally need more encouragement, and, as in 
Eogland, science and industry must be brought into closer 
co-operation. It is an encouraging sign that the Sociiti dt 
CHmu IndustrUlU is rapidly increasing in membership 
and resources, and its efforts deserve and will no doubt 
attain to su c ce s s in the highest degree. 


ROYAL SOCIETY. 

Memorandum ok Committee on International 
Scientific Organisations. 

International scientific organisations and conventions 
may be divided into four grot p j according to their objects 
and methods of procedure. Some are intended to establish 
uniformity in the standards of measurements, others to 
advance science by co-operation, and others, again, merely 
to encourage personal interchange of opinion. Those that 
aim directly at organising scientific progress may further 
be divided into two parts, according as the co-operation is 
essential to co-ordinate observations taken in different 
places or aims only at economy of labour. 

We may form therefore a fiist group consisting of those 
important agreements which fix the standards of measure- 
ments, and axe essential not only in purely scientific in- 
vestigations but in the development of many industries. 
The foremost position in this group is held by the Inter- 
national Metric Commission with the “ Bureau Inter- 
national des Poids et Mesares, which has its headquarters 
at Sevres, and mainly deals with the fundamental standards 
of length and mass. 

Other units which, though intimately connected with 
the metric system, require special consideration are 
generally entrusted to special international bodies. Thus, 
the electrical standards were fixed at international con- 
ferences called at different times for the purpose. At the 
last of such meetings, held in London in 1908, it was re- 
solved that a recommendation should be sent to the 
Governments interested advising the establishment of a 
permanent international commission. Though no official 
action seems to have been taken, a scientific committee 
appointed by the conference under the Presidency of Lord 
Rayleigh has done much valuable work. In the mean- 
time the need for agreement in matters affecting the 
electrical industries has led to the promotion of an 
Electro-Technical Commission for the purpose of 11 the 
standardisation of the nomenclature and ratings of electrical 
apparatus and machinery.** 

Comparatively few of the organisations falling within 
this group depend entirely on Government recognition or 
support. Several, like the “ Solar Union,** to whom we 
owe the fixing of standards of wave-lengths in different 
parts of the spectrum, and the Committee on “ Atomic 
Weights*' are formed by the voluntary co-operation of 
scientific societies in different countries. 

The second group contains associations definitely 
formed for the investigation of scientific problems in which 
co ordination of observation is essential. Such were the 
“Geodetic Association ** and the “ Seismological Associa- 
tion,” which depended on conventions entered into by the 
Governments of the countries forming the Associations 
and the International Meteorological Committee. 

A third group, which hitherto has not been large in 
numbers, but presents some special features, embodies the 
efforts to organise undertakings that might be carried out 
in one locality, but is more economically dealt with by a 
division of work. The most prominent example of this 
type is the arrangement made between eighteen observa- 
tories to form a photographic chart of the heavens. Great 
Britain alone with its colonies could have undertaken the 
task, and six out of the eighteen observatories concerned 
are actually in its dominions. Bat it is clear that the time 
necessary to complete it is shortened by increasing the 
number of stations at which photographs are obtained and 
measored. 

The organisation dealing with the “ International Cata- 
logue of Scientific Literature ** may also be incloded in 
this group. 

In the fourth group we place the large number of con- 
gresses called together by workers in some one department 
of science, and mainly intended to foster friendly personal 
relationships between those who pursue similar aims in dif- 
ferent countries. There have been regular international 
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meetings of mathematicians, geologists, botanists, &c. ; 
but these do not— at any rate in the great majority of 
cases - depend on formal agreements or conventions, each 
meeting selecting the place for the next conference, which 
generally is held after an interval of three years. 

We have, finally, in a group by itself, the Internat : onal 
Association of Academies, which aims at co-ordinating 
the activities of international undertakings, and organises 
work for which special permanent bodies do not exist and 
are not required. This Association has a scientific and 
literary division. 

In Appendix A, a list (doubtless not complete) is given 
of the various international associations and congresses 
according to the groups into which they fall. Appendix 
B gives in the case of a few typical examples their con- 
stitution or method of working. 

In discussing the future of these organisations it will, in 
the first instance, be found convenient to consider those 
which depend on Government support, for it is mainly 
with regard to them that a conference between the 
academies of the A'lied Nations is important. They may 
be called up )n in the near future to advise their G jvern- 
rnents, and it is therefore highly desirable that a common 
policy should be agreed upon. Such a policy could then 
also be taken as a guide in the case of those conventions 
which depend upon agreement between the scientific 
societies themselves. The scientific congresses of the 
fourth group may, for the present, be left out of account, 
though advice from the academies may also here be of 
service. 

The more formal organisations which mainly make up 
the three first groups, though similar, present so many 
differences in important respects that it is difficult to deal 
with them as a whole, and almost each subject needs 
special consideration. It becomes important therefore to 
establish, if possible, some guiding principle which may be 
applied to the majority. 

It must be recognised that international meetings in 
which, as biiherto, social intercourse forms an important 
part will not for some time be possible. In some cases, 
such as the interchange of meteorological observations, 
of time signals, or the communication of exceptional 
astronomical occurrences, formal correspondence, re- 
established at the same time as diplomatic relations, might 
suffice. In the great majority of cases where this is not 
possible the question arises, whether the organisations 
could not be suspended altogether for a number of years 
without serious detriment to science. 

One pertinent fact of some significance remains to be 
noted in connexion with the activities of the old Geodetic 
Association which had its headquarters at Potsdam. 
During recent years the work was almost entirely confined 
to observations on variations of latitude. These were 
carried on at six observatories, all situated very near the 
tame circle of latitude (39° 8'), and belonging to countries 
at present, or till recently, at war with Germany —three 
are in the United States, one in Italy, one in Russia, one 
in Japan. 

The objection raised to the foundation of two separate 
groups of international organisations, on the ground that 
it would perpetuate a state of war after peace is concluded, 
loses much of its force if alternative solutions be con- 
sidered. It need not be assumed that there will be any 
active enmity between the two groups. Interchange of 
information may be carried out by correspondence, and 
their relations will depend on the nature of the peace that 
is concluded and the future history of Europe. A forced 
community of effort through the intermediary of the 
neutral countries seems more likely to become detrimental 
to the success of the scientific work to be done than a 
frank avowal of the fact that the feelings aroused by the 
war must necessarily survive its conclusion. 

A number of special cases present themselves where 
some one academy or body has taken such a leading part 
that propositions as to the future of the organisation con- 
cerned muat be left mainly to that body. Such is, for 
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instance, the “ Commission Metrique Internationale,” 
with its “ Bureau International des Poids et Mesuces ” at 
Sevres, near Paris ; the Academic des Sciences will, no 
doubt, have specially considered how this body may 
have to be modified. The Royal Society has taken the 
initiative in the International Catalogue of Scientific 
Literature, and a Committee of the Joint Board of 
Scientific Societies is formulating suggestions which, it is 
hoped, may soon be ready for submission to the Allied 
Academies. 

The Chemical Society of London will have to be con- 
sulted on the international Committee of Atomic Weights, 
and in other cases where the academies are not the bodies 
chiefly concerned further information and advice will have 
to be obtained. 

Toe Council of the Royal S >ciety, inviting the academies 
of the Allied Nations and of the United States to a con- 
ference for the purpose of deciding on a policy to be 
adopted with regard to International Organisations, sub- 
mits the following questions as subjects for discussion at 
the conference : — 

1. Is it desirable for the Allied nations to establish 

organisations for scientific co-operation among 
themselves ? 

2. If this be agreed upon, what should be the particulac 

forms of organisation to be aimed at in Geodesy, 
Seismology, Meteorology, &c. ? 

3. Should particular academies be asked to submit pro- 

posals on those undertakings in which they have 
taken the leading part, such as — 

(а) The Acadlmie des Sciences on the Commis- 
sion M6triqoe and the Bureau International 
des Poids et Mesures ; 

(б) The Royal Society on the International Cata* 
logue of Scientific Literature. 

4. What representations should be addressed to the 

Governments with regard to those organisations 
which have hitherto received their support ? 

The conference at present is intended to deal only with 
scientific subjects, but similar questions no doubt also 
arise on the literary side. 

Appendix A .—List oj some of (he Principal International 
Organisations . 

Group I.— Agreements on Standards and Methods 
of Observation. 

1. Commission Metrique Internationale, and Bureau 

Internationale des Poids et Mesures. 

2. International Committee of Electrical U.tits and 

Standards. 

3. International Electro-Technical Committee. 

4. International Association for Testing Materials. 

5. International Committee on Atomic Weights. 

6. Com itd International pour la Publication annuelle 

de Tables de Constantes Physico-cbimiques. 

7. Commission on Illumination. 

8. Conferences Internationales des Ephdmerides As- 

tronomiques. 

9. International Meteorological Committee. 

10. International Solar Union (see also Group II., 6). 

11. International Telegraphic Union. 

12. Agreements on Radio-telegraphy. 

13. Bureau International de THeure. 

Group II. — Associations formed for the purpose of in- 
vestigating Scientific Problems in which co-operation 
between different nations is considered desirable. 

1. Geodetic Association. 

2. Association of Seismology. 

3. Interchange of News concerning Astronomical 

Occurrences. 

4. International Agricultural Institute. 

5. International Council for the Exploration of the Sea. 

6. Marey Institute. 


International Scientific Organisations { 


Digitized by ^.ooQle 




t International Scientific Organisations 28 


7. Solar Union (sea alio Group I., xa). 

8. Scientific Sab-Committees of the International 

Meteorological Committee. 

9. International Committee for the Investigation of the 

Brain. 

Group III.— Distribution of work bearing on the same 
problem for the purpose of Economising Time and 
Expenditure, 
x. Astrographic Chart. 

2. Carte Internationale du Monde ao Millionieme. 

3. International Catalogue of Scientific Literature. 

Group IV. — Periodic International Congresses serving 
mainly for friendly interchange of views. 

x.* Mathematics. 

а. Chemical Societies. 

3. Applied Chemistry. 

4. Mining, Metallurgy, Engineering, and Economic 

Geology. 

3. Radio-activity. 

б. Botany. 

7. Geology. 

8. Zoology. 

9. Entomology. 

10. Ornithology, 
xi. Physiology. 

12. Anatomy. 

13. Anthropology. 

14. Medicine. 

15. Hygiene. 

16. Cancer Research. 

17. Medical Radiology. 

18. Geography. 

Group V. — International Association of Academies, 
serving to unify International work, organising it 
temporarily, preventing duplication of work. 

A few years before the outbreak of the war an effort was 
made at Brussels to centralise all international under- 
takings, and an “ Office Central des Institutions Inter- 
nationales ” was established. One of the publications of 
this office gives what purports to be a complete list of all 
international congresses, unions, and associations. Their 
total number is 279, but many of these are of a social or 
semi political or trade character. Among those referring 
to science the following have not been mentioned in this 
Memorandum, either because no information was avail- 
able, or because they do not fall within the range of dis- 
cussion at the present moment ; — 

1. Association Internationale des Catholiques poor le 

Progr&s de la Science. 

2. Alliance Scient fique Universclle. 

3. Office International de Documentation Aeronautique. 

4. Commission Permanente du Repertoire Biblio- 

grapbiqoe International des Sciences Matbd- 
matiques. 

5. Institut International de Statistique. 

6. Comitd Maritime International. 

7. Comhd Juridique International de l’Aviation. 

8. Association Internationale d’ Agronomic tropicale. 

9. Commission Internationale pour TEnseignement des 

Sciences Matbdmatiqoes. 

10. Association Internationale pour Promoo voir 1’ Etude 

des Quaternions. 

11. Association Internationale des Chimistes des In- 

dustries de Cuir. , 

12. Commission Internationale poor 1’ Etude de la 

Question de 1' Unification des Methodes d’Analyses 
des Denrdes alimentaires. 

13. Bureau International d’Ethnographie. 

14. Association Internationale des Botanists*. 

15. Comitd Ornithologique International. 

16. Association Internationale des Anstomistes. 


17. Commission Internationale Permanente de Deter- 

mination des Pb£ ora&nes Psycho- biologiquea et 
Socio-biologiques. 

18. Office International d’ Hygiene Publique. 
x<). International Sanitary Bureau. 

20. Secretariat International pour V Unification des 

Pharmacopees. 

21. Association Climatologique Internationale. 

22. Association Internationale contre la Tuberculose. 

23. Union Inttrnationale des Stations Electriques. 

24. Bureau International des Administrations Te!e- 

grapbiquea. 

25. Association Internationale Permanente des Congres 

de Navigation. 

26. Association Scientifique Internationale d’Agronomie 

Coloniale. 

27. Union Internationale des Stations de Rechercbes 

Forestieres. 

28. Union Internationale de Photographic. 

29. Institut International de Photographic. 

30. Association Internationale des Exploiateors Polaircs. 

31. Institut Polaire International. 

32. Laboratoire International de Physiologic du Mont 

Rose. 

Appendix B. 

Group I. 

x. The “Bureau luUrnational dts Poids gt Mtsurts n 
was established in 1873 at Sevres as the outcome of an 
international commission constituted in 1869 for the con- 
struction of metric standards. The present convention 
was agreed upon in 1875. Great Britain joined the con- 
vention in 1884; the annual contribution now ranges 
between £200 and £300. 

2. Tkt InUrnational Con/gnuct on EUctrical Units and 
Standards , which was held in London in 1908, recom- 
mended that the various Governments interested should 
establish a Permanent International Commission for 
Electrical Standards. The Confeience requested Lord 
Rayleigh, as President, to nominate a Scientific Com- 
mittee ot fifteen members to formulate a plan of such 
Commission, and, in the meantime, to direct such work 
as woold be necessary in co nm xion with the maintenance 
and inter -comparison of standards. This Committee has 
done much valuable work, but the intended Permanent 
Commission never came into being. 

3. Ths luUrnational Eltctrottchnical Commission was 
formed for the purpose of carrying out a resolution of 
government delegates who met at the International 
Electrical Congress at St. Louis in 1904. This resolution 
was to the effect “ That steps should be taken to secure 
the co-operation of the Technical Societies of the world 
by the appointment of a representative Commission to 
consider the question of the standardisation of the 
nomenclature and ratings of Electrical Apparatus and 
Machinery.” The statutes of this Commission were finally 
adopted in their present form at a meeting held in London 
on October 22, 1908. They provide for the formation by 
the Sectional Societies of each country of Committees 
who shall represent that country on the International 
Commission. The central office is in London. Each 
Electrotechnical Committee provides funds for its own 
expenses, and contributes its share to the expenses of the 
Central Office. At the last meeting of the Commission in 
Berlin (1913) 24 countries were represented. 

4. In Ur national Association for Tasting MaUiial.— Six 
international congresses were held between 1884 and 1912 
with a view to introducing greater uniformity in the 
methods of testing materials adopted in different countries. 
At the last two congresses (Copenhagen, 1909, and New 
York, 19x2) England was represented. The resolutions 
of the confesses are not binding on anyone, and merely 
serve to express the opinion of the majority. Nevertheless, 
the work of this organisation has become of considerable 
importance. After the congress of 1912 a report of the 
British delegates advocating that the British Government 
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should continue officially to support the work of this jects. In addition to the purely meteorological Comma- 
Association was laid on the table of the House of Commons sions appointed by the Conference, there were, at the 
{cf. Sir James Wolf e-Barry, “Forrest” Lecture of the outbreak of the war, five others concerned respectively 
Institution of Civil Engineers, Appendix V., 1917). with (a) Scientific Aeronautics, ( b ) Terrestrial Mag- 

5. Joint International Committee on Atomic Weights. — netism, {c) Radiation, (d) Solar Physics, and (#) the 
This Committee grew out of an organisation formed by Application of Meteorology to Agiiculture. 

the leading chemical societies in Europe and America. It The Conference nominates a “ Committee ” to promote 
was placed on its present basis in 1901— 1902, when the its objects during the interval of its meetings. The 
business of the Committee was entrusted to four men, functions of the Committee are to give effect to the reao- 
being representatives of the chemical societies of America, lutions adopted at the previous Conference and to 
England, France, and Germany respectively. The object prepare for the next. The International Meteorology 
of this Committee is to draw up annual reports on work Committee is the organising body. It consists at present 
connected with the determination of atomic weights, to of seventeen members, who are all Directors of independent 
consider the results, and to recommend any changes in the Meteorological Services. 

Tables of Atomic Weights which may seem desirable for The Meteorological Conference and Committee are un- 
promoting uniformity in teaching and in the literature of official bodies, but the Conference succeeded the official 
the subject. These annual reports were published each congresses of 1873 and 1879, and it acquires to some 
year until the outbreak of the war. The Council of the extent an official character by the circumstance that the 
Chemical Society of London has appointed a small Com- heads of the Meteorological Services are Government 
mittee to consider the future of this organisation. officials. Its indefinite status diminishes to some extent 

6. Annual Publication of Tables 0/ Physical and Chemical its authority. Uniformity in the conduct of observations 
Constants. — This is an undertaking with its headquarters and the manner of reduction is of primary importance ; 
at Paris, managed by an International Committee. Special but where there is, at the same time, a strong divergence 
Committees have also been instituted in different countries of opinions, as in the case of hygromctry or terrestrial 
(France, England, Germany, Holland, United States) to magnetism, the committees have so far not led to a satis- 
assist the work. The International Association of factory understanding. A certain amount of overlapping 
Academies has recognised the importance of the work, with other bodies has also been unavoidable. 

which, however, has suffered owing to insufficient financial xo. The International bolar Union is another example 
assistance. of an association of scientific bodies carrying on effective 

7. International Commission of Illumination. — The work without official sanction or recognition. Of the 

object of thin organisation is 11 to study and advance by twenty-one bodies composing it twenty are scientific 
Congress and Publications, the knowledge and practice of societies. Of these, three are domiciled in the United 
the art of Illumination, and to secure international agree- States, three in France, two each in Great Britain, Italy, 
ment on matters of general concern to the science and art Spain, and Germany, one each in Austria, Canada, 
of Illumination.” It furnishes a good example of an Holland, Russia, Sweden, and Switzerland. The list is 
association formed by scientific societies in different completed by the Meteorological Committee, itself an in- 
countries without Government assistance. Each country ternational body. Meetings are held every three years, 
or self-supporting dominion desiring to take part in the and the business in the meantime is carried out by an 
work forms a national Committee through co-operation Executive Committee of three members only. Of these, 
between technical societies interested in the subject of one is nominated by the International Association of 
illumination. The British Committee is composed of re- Academies— an arrangement suggested by the Solar Union 
presentatives of the Illuminating Engineering Society of itself, in order to secure a closer connexion between 
London, the Institution of Electrical Engineers, the In- different branches of international work. These is no 
stitution of Gas Engineers, and the National Physical President, and the secretarial work is done by the Chair- 
Laboratory. Each National Committee is entitled to send man of the Executive Committee. At the beginning of 
ten delegates to the meetings of the International Com- each meeting the Chairmen for different days are selected, 
mission. Countries in which a National Committee has generally from the country in which the meetings take 
not been formed may send representatives through any place. Each Sub-Committee appointed for the investiga- 
technical Gas or Electrical Society, or, failing the existence tion of special problems has its own Chairman and 
of such societies, representatives may be nominated by Secretary, and practically forms an independent body. 
Gas and Electric Lighting Companies. An Executive This constitution has worked very well, the main difficulty 
Committee is formed which is responsible for the affairs of being the absence of any provisions with regard to finance, 
the Commission. Voting at the international meetings is But this has been overcome by voluntary donations, 
carried out by countries, and in order to be considered an So far as fundamental measurements are concerned, 
official resolution of the International Commission, such the Solar Union has, by means of its members working 
resolution must receive a four-fifths majority of the independently in different countries, determined secondary 
countries taking part in the voting. It is provided that standards of wave-length spread over different parts of 
regular international meetings shall take place every three the spectrum. It has also, through a number of 
years. Committees, investigated questions relating to solar 

8. There have been two important “ Conferences Inter- radiation, sunspot spectra, and solar rotation. Lately it 
nationals des Ephemerides Astronomiques” one in 1896, has been led to exceed the limits indicated by its title, and 
which established greater uniformity in the adopted con- now includes the whole stellar system in its purview. As 
stants, such as that of the solar parallax and aberration, t first step in this direction, it has appointed a Committee 
and one in 1912, which arranged for collaboration in dif- on the classification of stellar spectra. 

ferent countries. 11. The “ International Telegraphic Union ” is an in- 

9. The International Meteorological Conference and stitution having its “ Bureau ” at Berne, and is maintained 
Committee.— Beginning with 1891, the Directors of the by subscriptions from the States adhering to the Union. 
Meteorological Institutes and Observatories of different Occasional conferences are held which lead to “ Conven- 
countries have met periodically in “ Conference ” normally tions,” of which a number are in force. The Bureau 
every ten years. The functions of the Conference are to issues a monthly bulletin— La Journal Telegraphtque." 
propose measures of co-operation likely to prove helpful The Union seems to be an official rather than a scientific 
to the development of meteorology, to bring about body, the delegates of the conferences being selected from 
uniformity of ideas, and to foster pood relations between the clerical staff of the Telegraph Office, at any rate so 
the workers of different countries^ The Conference far as Great Britain and its Colonies are concerned, 
appoints, when it deems necessary, Commissions with 12. Agreements on Wireless Telegraphy have been made 
independent powers to promote the study of special sub- at international conferences specially called foe the 
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porpoie. No formal onion or arrangement for regular 
meeting! eeems to exist. 

13. Bureau International de VHeure.—Kx an Inter* 
national Conference summoned by the “ Bureau des 
Longitudes ** of Paris in 191a, the following resolutions 
were passed 

“1. Il est utile de cbercber a realiser l'unification de 
Tbeure.” 

M 2. L’beure universelle sera celle de Greenwich.** 

M 3. II sera utile de cr£er une Commission Internationale 
de l*Heure.” 

A provisional Committee was formed to give effect to 
the last of these resolutions, and statutes were prepared 
in which the objects of the International Commission were 
defined as follows :— 44 To unify the 1 hour * by radio- 
telegraphic signals or otherwise whether for the purpose 
of scientific objects of high precision, or to supply the 
ordinary needs of navigation, meteorology, seismology, 
railway traffic, the postal and telegraphic services, public 
administration, watch-makers, private individuals, &c. 

An International Bureau was to be established pro- 
viding for scientific assistants charged with the conduct 
of special researches. 

The cost was to be divided between the States forming 
the Union either through their Governments or some 
scientific body. The proposed statutes were submitted to 
the meeting of the International Association of Academies 
held in 1913 at Petrograd, and received their unanimous 
support. The outbreak of the war prevented further 
action. 

(To be continued). 


sive review. The action of solvents on coal and the 
effects of its destructive distillation are first considered, 
and then the results obtained by examination under the 
microscope are discussed, the authors adopting the view 
that recognisable plant tissue plays a large part in the 
composition. A short summary is finally given of modern 
theories as to the nature of coal. It is shown that by the 
action of pyridine bituminous coal can be separated into 
an insoluble residue, consisting of what are known as a- 
compounds and an extract which is again separable into 
two parts by treatment with chloroform, the insoluble 
residue and extract being 6- and y compounds respectively. 
It is hoped that the examination of these separate portions 
may lead to a knowledge of the nature of coal, which 
appears to consist of a conglomerate of morphologically 
organised plant tissues, plant substances devoid of 
morphological organisation, such as resin, and degrada- 
tion products of plant tissue and cell contents. The 
monograph, which is provided with a very complete 
bibliography and excellent plates showing microscopical 
preparations of coal, is an important contribution to our 
knowledge of a subject of great economic and scientific 
importance. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 


Not*.— A ll decreet of temperature art Centif rade unless otherwise 
expressed. 


NOTICES OF BOOKS. 


From War to Work. By Samuel Turner. London: 
Nisbet and Co., Ltd. 1918. Pp. xiii + 109. Price 
is. 6d. net. 

The thoughts of men and women are eagerly and hope- 
folly turning to the problems of reconstruction, and it is 
the obvious duty of the belter educated part of the nation 
to devote time and energy to the consideration of their 
aims and wishes in this respect. The wide circulation of 
books such as this is to be warmly encouraged, and every 
business man, every employer of labour, and every 
thoughtful working man will be able to learn something 
from it. The author points out that the want ol 
orderliness in our social life, the discord and disputes 
between Capital and Labour before the war, were all doe 
to a lack of conscious aim, and the only way to bring 
about the much desired harmony is to educate the nation 
to the realisation of the necessity of aiming at doobling 
production. The author believes that general over-pro- 
duction is impossible, though local and temporary gluts 
may occur. He thinks that we shall be saved from the 
resalts of our collective ineptitude only if our conception 
of the function of a Government radically alters. The 
people's business is to select its governors and instruct 
ia its wishes for increased production, more efficient 
transport, better power supplies, &c„ and the function of 
the Government is then to make its plans in accordance 
with these wishes. 


idauaarath on the Constitution of Coat • By MARts C. 
Stopbs, D.Sc., Ph.D., and R. V. Wheeler, D.Sc., 
London: Published for the Department of Scientific 
and Industrial Research by His Majesty's Stationery 
Office. 1918. 

Tub authors of this monograph have aimed at assisting 
io the elucidation of the problem of the actual structure 
of a bituminous coal, and have brought together and 
summarised all the important work which has been 
done on the subject, thus producing a very comprehen 


Comptes Rendus Hebdomadaires des Seances de /' Academic 
des Sciences . Vol. clxvi., No. ix, March 18, 1918. 

New Method of Preparing Monomethyl Aniline 
and Dimethylaniline by Catalysis.— A. Mailbe and F. 
de Godon. — When a mixture of the vapour of aniline with 
a slight excess of methyl alcohol is passed over alumina 
heated to 400—430° a mixture of mono and dimethyl 
anilines is obtained, which contains only traces of aniline. 
If methyl alcohol is ag«in added and the process is re- 
peated all the monomethyl derivative is converted into 
dimethyl aniline. After a certain time the alomina becomes 
yellow and then brown and its catalytic power is slightly 
diminished. On calcination it again turne white and 
recovers its activity. In this new method of preparing 
the monomethyl derivative the aniline need not be very 
pure, but may contain water, and the methyl alcohol need 
not be freed from acetone. The use of autoclaves, com- 
pressed air, Ac., is also avoided, and labour is reduced to 
a minimum. 

Action of Hydriodic Acid upon Cinchonine and its 
Isomers: Clnchonfline, Cinchonigine, and Apocin- 
chonine. — E. Leger. — The four bases prepared by the 
action of hydriodic acid upon cinchonine and its isomers 
resembles one another in physical properties. When 
heated to between 153° and 156° they soften and undergo 
decomposition. The dichlorhydrates and dinitrates are 
obtained by adding to the moist bydroiodo base an excess 
of HC1 or HNO 3 suitably diluted. The dichlorhydrates 
form pale yellow prisms, the rotatory power of which the 
author has examined. He finds that the compounds may 
be divided into two groups, according to their rotatory 
power corresponding with the groups of dibromates of the 
bydrobromo bases. 


No. 12, March 23, 1918. 

Determination of Tantalum in Alloys with Iron. — 
M. Travers. — The chief difficulty in determining tantalum 
arises from the presence of silica in the precipitate of 
tantalic acid. Separation by hydrofluoric add is only 
approximate, 4 to 5 per cent of the tantalic acid possibly 
being volatilised with the silica. A satisfactory separation 
can be effected by volatilising the tantalic acid in a curren 
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of gaseous hydrochloric acid at a temperature of 900”. 
The operation takes several hours, and must be continued 
till the weight is constant, and the purity of the silica is 
tested by volatilisation with hydrofluoric acid. For the 
analysis of a steel which can be attacked with aqua regia 
the tantalic acid is separated by two successive evapora- 
tions. The precipitate obtained contains silica and a little 
iron oxide. In the case of alloys which are not affected 
by acids they must first be fused with anhydrous sodium 
sulphite and the mass then taken up with acidulated 
water. The impure tantalic acid is fused with pure 
potash, the fused mass is taken up with water so as to 
separate the iron, and the solution is acidified with very 
dilute sulphuric acid. After boiling for an hour all the 
tantalic acid is precipitated with a small quantity of silica. 
It is weighed, and the silica is then determined as described 
above. If the alloy contains chromium a little peroxide 
of sodium is added to the potash, so as to yield chromic 
acid, which remains in solution after the addition of dilute 
acid. If tungsten is present it is separated, after pre 
cipitation by dilute acid, by washing the precipitate with 
a large excess of ammonia solution. Nitric acid can be 
separated by the same method. 


MISCELLANEOUS. 


Lectures in Industrial Administration.— In our 
issue of March 1 (Chemical News, cxvii., 105) attention 
was directed to the efforts made by the Manchester 
College of Technology to deal with this subject. In our 
Advertisement columns in this issue will be found an 
announcement of the Lectures. The Council also invite 
applications for appointment to the Lectureship. 

Oil and Colour Chemists’ Association. — An As- 
sociation of Chemists engaged in the Oil and Colour and 
Allied Trades has been formed for the purpose of con- 
sidering and discussing the many complex points which 
are continually met with in the course of their wcrk. The 
need for this Association has been felt for a long time, and 
the work undertaken by the chemists of the paint trade 
on the linseed oil substitution products has been the 
foundation on which this Association has arisen. A con- 
siderable measure of success has been accorded to the 
Society since its inauguration, and it is hoped that as the 
need ii realised and the advantages of the Association are 
fully appreciated, all chemists engaged in the allied in- 
dustries will become members. The first President of the 
Association is Dr. F. Mollwo Perkin, Ph.D., F.I.C., 
F.C.S., and an administrative Council has been elected, 
who together with Dr. F. M. Perkin are doing everything 
they can t j make known and increase the usefulness ol 
the Association. The Secretary, H. A. Carwood, 53, 
Groombridge Road, London, E. 9, will be pleased to hear 
from prospective members. 


'J'O comply with Regulation 8 6) of the Defence ot the Realm 
Act, advertisements from • firms whose business consists 
wholly or mainly in Engineering , Shipbuilding, or the production 
of Munitions of War, or of substances required for the production 
thereof, must include the words “ No person resident more then 
ten miles sway or already engaged on Government work will be 
engaged." 


/^hemist, invalided from the Arm y, seeks en- 

gagement, preferably in the sooth of England. Experience in 
manufacture of Heavy Chemicals and Organic Products. Speciality 
the Rsre Metah and their compounds.— Address, D. G., Chemical 
News Office. 16, Newcastle Street, Fart inf don Street. London, B.C. 4. 


f'HEMISTRY. — Evening Assistant wanted 

(or Birkbeck College, four evenings per week. Salary at rate 
of 20s. to 25s per evening, according to experience and qualifications. 
—Applications addressed to Principal, Birkbeck Colltge, Breams 
Buildings, E C. 4. 


T ABORATORY. — Assistants wanted for 

* Chemical and Pharmaceutical work. Must have had some 
Chemical and good Pharmaceutical experience. 1 neligible ; unqualified. 
Salary, £100 per annum.— Apply, Box No. 627, Smith’s Advertising 
Agency, Ltd., xoo, Fleet Street, E.C. 4. 

\yf IiTALLURGICAL RESEARCH.— 

iVA Wanted by large Steel Works in North o! England, one or two 
Assistants for their Research Department (mala or female). Applicants, 
who should be University Graduates either in Physics or Chemistry 
(Physicists preferred), will please state tceir age, experience, atod 
salary required.— Address, M. R. Chemical News Office, r6, New- 
castle Street, Farringdon Street, London, E.C. 4. 

VATorks Analytical Chemist required. One 

v ’ conversant with Soap Manufacture, Nicotine Extractions, and 
Agricultural and Horticultural Preparations. State full particulars 
and salary required.— Address, W. A , Chemical News Office, 16, 
Newcastle Street, Farringdon Street, London, E.C. 4. 

\\7orkers (male) wanted for Chemical Labora- 

’ * tory dealing in Pharmaceutical Specialities, &c. Must have 
Chemical and Pharmaceutical knowledge (qualified or unqualified*; 
ineligible.— State experience, salary required, and send copy of re- 
ference to Box 627. Smiths’ Agency Lid., ioo, Fleet Street, London, 
E.C. 4. 


ROR SALE. — Tyrosine, Glucosamine, 

Geraniol, Linalool, Nonylic Acid, Caproic Acid, Fluobenxene, 
Diiodobenzene, and other Kahlbaum Chemicals at pre-war prices.— 
Address, “B. Sc. ,” Chemical News Office, 16, Newcastle Street, Far- 
ringdon Street, London, E.C. 4. 

T*he Proprietors of the Patent No. 21477 of 


1 


1913, for 


“PROCESS FOR CONVERTING UNSATURATED FATTY 
ACIDS AND THEIR ESTERS INTO SATURATED 
COMPOUNDS,” 


are desirous of entering into arrangements by way of licence and 
otherwise on reasonable terms for the purpose of exploiting the same 
and ensuring its full development and practical working in this country. 

All communications should be addressed, in the first instance, to 
HASELTINE, LAKE, and CO , Chartered Patent Agents, a8, 
Southampton Buildings, Chancery Lane, London, W.C.a. 


HERIOT-WATT COLLEGE, EDINBURGH. 


Principal— A. P. LAURIE, M.A., D.Sc. 


PORTSMOUTH MUNICIPAL COLLEGE. 

APPOINTMENT OF VICE-PRINCI PAL AND HEAD OF THE 
CHEMISTRY AND NATURAL SCIENCE DEPARTMENT. 

A pplications are invited for the Position cf 

il VICE-PRINCIPAL AND HEAD OF THR CHEMISTRY 
AND NATURAL SCIENCE DEPARTMENT of the Portsmouth 
Municipal College. 

Candidates must have special qualifications in Chemistry, and must 
be prepared to take up duties at an early date. Salary £350 to £400 
per annum, according to qualifications and experience. 

Forms of application and further particulars may be obtained on 
receipt of a stamped addressed foolscap envelope. 

Applications, addressed to the Secretary, at the Offices for Higher 
Education, the Municipal College, Portsmouth, and accompanied by 
copies only of three recent testimonials, must be forwarded at once. 


CHEMISTRY. 

DIPLOMA COURSES for Students preparing for TECHNICAL 
CHEMISTRY and the INSTITUTE OF CHEMISTRY, 
in the Departments of MINERAL CHEMISTRY, ORGANIC 
CHEMISTRY, CHEMISTRY OF FOODS AND DRUGS. 

LABORATORIES equipped for RESEARCH Students. 

The Chemistry Courses are recognised by the UNIVERSITY of 
EDINBURGH as qualifying for the Degree of B.Sc. in Chemistry. 

ENTRANCE BURSARY of £25 per annum is offered for com- 
petition on September 24th. 

PROSPECTUS and full particulars on application to the Principal 

PETER MACNAUGHTON, S.S.C., 
Clerk f 

Heriot Trust Offices, 

20, York Place, Edinburgh, 

August ijlh, 1918. 
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(STUDENTS 7 ^ NUMBER). 


UNIVERSITIES Jl ND COLLEGES. 

UNIVERSITY OF LONDON. 
Camdidatbs for any Degree in this University must either 
have pasted the Matriculation Examination in this Uni- 
versity, or he admitted under the Statute which provides 
that the Senate may admit graduates of or persons who 
have passed the examinations required for a degree in 
other Universities approved by it. This and all other 
Examinations of the University, together with the Prises, 
Exhibitions, Scholarships, Ac., are open to Women upon 
exactly the same conditions as to Men. 

There are three Examinations for Matriculation in each 
vear 2 commencing on the seco id Monday in September, 
January, and June or July, at m «y hereafter be determined. 

Every Candidate for the Matriculation Examination 
meet apply to the Principal for a Form of Ent.y on or 
before August 20, which must be returned fo r.een days 
before the commencement of the September Examina- 
tion; or must apply for a Form of Entry on or be o e 
November 25, which must be returned on or be 'ore 
December z, lot the January Examination ; or must apply 
for a Form of Entry on or before Apr 1 25, which ma*t t>e 
returned on or before May 1, for the June (or Jal% ) Ex- 
amination; accoospan ed in each case oy the p oper Fee, 
and by a Ceitifi cate showing that the Cun lidaie will have 
completed his Sixteenth Ycxr on or before January 14 for 
the J aoary Ex um nation, July 31, the end of the 
Secondary School Year, for the June Examinaton, and 
September 13 for the September Examination. 

Every candidate enuring for the Matriculation Examina- 
tion most pay a Fan of £2. 

Intending Students (internal and External) should 
obtain the Regulations and Courses ” from the Registrar, 
University ef Loudon, South Kensington, S.W. 

S ev e ral valuable Scholarships and Exhibitions are avail- 
•Me to students. 

UNIVERSITY OF OXFORD. 

WaynAete Profit sot of Cktmiitry — W. H. Perkin, M.A., 

Every Student must reside in one or other of the Col- 
leges or Halls, or in licensed lodgings, for a period of three 
years. StudenU of Chemistry can obtain the degree of 
B.A. by passing preliminary examinations in Arts and in 
8cicnce, and a final Honour examination in Chemistry. 
Chemistry may also be taken as part of the examination 
for a Pass degree. Graduates of other Universities and 
othe person 1 suitably qualified can obtain the degree oi 
Bachelor of Science after an approved course of study or 
research and two years 1 residence. 

Uuiversity Laboratory.— The fee for students working 
in the Laboratory for three days in the week during the 
Term is £3; for students working every day, £5. 

Tbeie a«e a'so laboratories which sped* is 3 n d ffeent 
warts of the subject Physical Chemistry , Billiot and 
Trinity College Laboratory. Inorganic Chemistry, Christ 
Chnrcli Laboratory. Quantitative Analysis, Maglalcn 
College Laboratory, Jrsus College Laboratory. Organic 
mmd General Chemistry, Queen's College Laboratory. 

Numerous Scholarships, usually of the value of £80 per 
oanum end tenable for lour years, are offered every year 
by the vartou* colleges. They are awarded after a com- 
petitive examination in the various branches of Natural 
Science 

More detailed information may be obtained from the 
Eaxminxtion Statutes ; the Student's Handbook to the 
University ; and from the professors and college tutors. 


UNIVERSITY OF CAMBRIDGE. 

Professor of Chemistry-* Willi sm J. P pe, M A., F.R.S. 

Jacksonian Professor of Natural and Experimental Phi- 
losophy— Sir J «mrs Dewar, M.A., F.R.S. 

Goldsmiths Reader in Metallurgy — Charles T. Heycock, 
M.A., F.R.S. 

The Student must enter at one of the Colleges or 
Hostels, or as a Non-collegiate Student, and keep terms 
for three years by residence in the University. He must 
pass the previous examination in Classics and Mathe- 
matics, which may be done in any term of residence or 
before commencing residence. He may then proceed to 
take a Degree in Arts, either passing the ordinary examina- 
tions or B.A., or going out in one of the Honour Triposes. 

A graduate of anomer Uaiver.ity may be admitted as 
a St idci.t of Reseirch, and obtain a degree after two 
years' residence iu the University, by presentation of a 
thesis describing otiginal tetearch. 

Facilities for research work are provided beth in 
the Chem cal Laboratories and in the Metallurgical 
Laboratories 

The scholarships range in value from £20 to £100 a 
year. Scholarships, or Exhibitions, are given for Natural 
Science at the re* erxl Colleges; the dates o! the examina- 
tions vary, but are always fully advertised. 

The Chemical Laboratories of the University are open 
daily for the use of the Students. The Demonstrators 
attend daily to give instruction. A list of the ledures and 
practical couraea it published annually, in June, in a 
special number of the Cambridge University Reporter , 
which may be had from the Cambridge Warehouse, in 
Paternoster Row, or through any bookseller. 

Non-collegiate StudenU are allowed to attend certain 
of the College Lectures and all the Professors' Leduree, 
and have the same University status and privileges as the 
other Students. Full particulars may he obtained by 
forwarding a stamped direded envelope to the Assistant 
Registrary, Cambridge, from the Cambridge University 
Calendar , or from the* 1 Studc m'H and book to Ca-nbi idge. 

UNIVERSITY OF DUBLIN. 

Trinity Collbok. 

Professor of Chemistry — Sydney Young, D.Sc.. F.R.S. 

Professor of Applied Chemistry-* Emil A. Werner, 
Sc.D., F.C S, F.I.C. 

Demonstrator — W. C. Ramsde", F.C 8. 

Junior Demonstrator — G. K Carpenter. 

The genera'. Quantitative and Research Laboratories 
include working accommodation for about 130 Students. 
The Laboratories will open on Odobcr 1st. Leduret 
will commence on November 4th. 

The Laboratories and the Ledures of the Professor of 
Chemistry can be attended by Students who do not desire 
to reside in the University or proceed to its Decrees. 

The full Course of General and Analytical Chemistry 
occupies three years, but a Student is free in his third year 
to devote most of his time to a special department of 
Pure or Technical Chemistry. Students can enter for 
any portion of the Course. The Ledures delivered are 

1. Inorganic Chemistry and Chemical Philosophy . — 

Elementary, first year; Advanced I norgsnic Che- 
mistry, second year; Physical Chemistry, third year. 

2. Organic Chemistry. — General, second year; ad- 

vanced, third year. 

3. Metallurgy .—A Course for Engineering and Tech- 

nical Students. 

4. Agricultural Chemistry.— The arttical and Practical 

Co ir»es. 

The Laboratories are open every day from 10 to 3 
o'clock (except Saturdays, when they close at 1 o'clock). 

The Summer Cour>e of Practical Chemistry for Medic a t 
Students begins early in April and terminates about the 
middle of June. 

A special course for Dental Studsnts will be givsn. 

The University of Dublin grants the Degree of Dodor 
of Science to graduates of Master's standing whoee in- 
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dependent researches in any branch of Science arc of 
sufficient merit. 

The University also grants the Degree of Bachelor of 
Science to graduates who have obtained Moderatorship 
or 'an Honours Degree equivalent to Moderatorship and 
have devoted a year to research in the University 
Laboratory. 

, Prizes in Chemistry and Physics are givenat the OAober 

S Arts) Entrance Examination, and also at the Terminal 
Examinations of the Junior and Senior Freshmen Years. 

Similarly, two Science Scholarships will be obtainable by 
Undergraduates, and tenable for five years. The Founda- 
tion Scholars receive £20 per annum, they have free 
commons, and their chambers for half the charge paid by 
other students; their tutorial fees arc at one-fourth the 
usual rates. 

KING’S COLLEGE. 

(University of London). 

Professors— Sir Herbert Jackson, K.B E , F.R.S., Ac. 
(Darnell Professor), and A. W. Crossley, C.M.G., Ph.D., 
F.R S., Ac. 

Assistant Professor — P. H. Kirkaldy. F.I.C., Ac. 
Lecturers and Demonstrators — S. W. Collins, B.Sc., 
L. E. Hinkel, B.Sc., H. D. Elk n*ton, B.Sc., H. W. 
Cremsr, B.Sc., A. H. Jay, B.Sc., Mary Bsslemont, B.Sc., 
and A. We*ton. 

The Academical Year consists of Three terms. The 
days fixed for the commencement of Terms in 1918-1919 
are Oct. a, Jan. 15, and April 30. 

The general Couises of LeAures on Chemistry deal 
with the nature and scope of the subject and the principles 
involved, in relating to one another the experimental 
facts, shown as illustrat ons of the properties of the 
elements and their chief compounds. The non metallic 
elements ate first treated of, as demonstrating mo»t 
clearly the characters of the interactions between the dif- 
ferent kind* of matter, and as affording the best opportunity 
of classifying the main groups of compounds met with, 
when dealing wiih the inorganic branch of the subject. 
The metallic elements and their compounds are then 
discussed, and this part of the Course is completed with 
a resume in which the conne&ed relations of the pro- 
perties of the elements are described. The latter portion 
of the Course embraces in the same manner a study of 
the principle-8 and properties of the carbon compounds 
Which are examples of the main groups of organic sub- 
stances CU«s Examinat ons are held from time to time 
duiing th^ Session. 

Experimental and Analytical Chemistry in the Labora- 
tory. — The object of this Class is to afford to Students 
who are desirous of acquiring a knowledge of analysis, or 
of prosecuting original research, an opportunity of doing 
go under the superintendence of the Professor and De- 
monstrator ; Students may enter, upon payment of extra 
fees, at any time except during the vacation, and for a 
period of one, three, six, or nine months, as may best suit 
their convenience. The laboratory hours are from ten till 
five daily, except Saturday. 

In addition to the Laboratory Fee, each Student defrays 
the expenses of his own experiments. The amount of 
this expense, which is comparatively trifling, is entirely 
under his own control. 

* For fuller details the separate Syllabuses provided for 
each class should be consulted. 

War Students.— Students who (i.) have served in His 
Majesty’s Forces, (ii.) have undertaken other service 
approved by the University in connexion with national 
defence, or ( i<.) have been interne 1 as civilian Prisoners 
*f W»r, will be entitled to present themselves for Inter- 
mediate and Final Examinations under special conditions. 
Students included in the categories enumerated above 
will be termed “ War Students.” For full particulars 
application should be made to the Secretary of the 
College. 


UNIVERSITY COLLEGE. 

(University of London). 

Professors — J. Norman Collie, Ph.D., F R.S, (Organic 
Jhemistry); F. G. Donnau, M.A., F.R.S. (Inorganic and 
Physical Chemistry). 

Assistants— S. Smiles, D.Sc. ; Katharine A. Burke, 
B.Sc.; R. E. Slade, D.Sc.; W. B. Tuck, D.Sc. ; Irvine 
Masson, M.Sc. ; H. Terrey, B.Sc. 

The Session is divided into three Terms, as follows : — 
First Term, from September 30 to December 18 ; Second 
Term, from January 14 to March 28 ; Third Term, from 
April 29 to July 3. 

Introductory Course of Inorganic Chemistry. 

T uesday and Thursday, at 1 x . Pr a Aical, Thursday, 2 to 
3.30, or 3 30 to 5. Fee, £10 10s. 

A course of EUmrn aiy Inorganic Chemistry, adapted 
to the requirements of students of Engineering. 

Junior Course of Inorganic Chemistry. 

An Introduction to the Principles of Inorganic Chemis- 
try. Special attention will be paid to gener il points of 
view, and to the application of physico chemical laws and 
methods. 

First and Second Terms : The Class meets on Mondays, 
Wednesdays, Fridays, and Saturdays, at 9, for Le&ures, 
Examinations, and Exercises. 

Third T erm : Le&arefe will be given on Mondays* and 
Fridays at 9, and Wednes lats at 11. 

Fees : Course, £7 78. ; First or Second Terras, £'4 4s. 

A Practical Class will meet throughout the Session. 

Senior Course of Physical Chemistry. 

Tuesday and Thursday at 9. 

A general Course on Physical Chemistry and its 
applications. Fee : - Course. £5 51. 

General Course of Organic Chemistry. 

Monday and Wednesday at 12, Thursday at 3. 

Fees : — For the Course, £6 6s. ; for a Term, £a 12a. 6d. 

An Advanced Couise will be held twice a week throughout 
the Session for those engaged in prosecuting research in 
Organic ChemUtry. Monday and Fr.day at 11. Fee, 
£5 i»- i Term, 2i. 

Practical Classes. 

Practical Classes in Inorganic and Organic Chemistry 
are conduced by the Assistants. 

Laboratories of General and oj Organic Chemistry. 

The Laboratories are open daily from 9 a.m. to 5 p.m., 
Saturdays excepted, from October until the middle of 
July, with a short recess at Christmas and at Easter. 

Fees: for the Session, £26 58. ; six months, £18 18a. ; 
three months, £10 ios, ; one month, £4 4s. 

Three specified days a week : — for the Session, £15 15s. ; 
six months, £11 xis. ; three months, £6 6s. ; one month, 
£2 12s. 6d., exclusive of expense of materials. Students 
may enter at any period of the Session. 

When accompanied by, or preceded by, attendance on 
the Lectures and Practical Classes in Inorganic and 
Organic Chemistry, the Laboratory Courses quali y 
Students in the application of Chemistry to Manufactures, 
Metallurgy, Medicine, or Agriculture, Ac. 

There is also a Chemical Library containing the chief 
Journals and Standard Works on Chemistry. 

Certificates of Honour are granted to competent 
Students on the work done during the Session. Several 
valuable Scholarships are available to students. 

IMPERIAL COLLEGE OF SCIENCE AND 
TECHNOLOGY. 

Emeritus Professors— Sir W. A. Tildeo, D.Sc., F.R.S., 
and Sir T. E. Thorpe, C.B., F.R.S., Ac. 

Professor and Director of the Chemical Laboratories 
H. Brrreton Baker, C.B.E., D.Sc., F.R.S. , Ac. 

Pro essor of Chemical Technology and Fuel Chemistry — 
W. A. Bone, F.R. S. 

Professor of Organic Chemitiry— J. F. Thorpe, C.B.E., 
F.R.S, 
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Professor of Physical Ckcmis try — J. C. Philip, O B E., 
M.A., D.Sc. 

Assistant Professor Mount Jones, M.A., D S.O. 

The Impel ial College of Science and Technology, in 
corpora ed under the Royal Charter of July 8, 1907, is an 
institution or group of associated colleges with its 
principal seat at Sooth Kensington. 

The purposes of the Imperial College are to give the 
highest specialised inatruAion, and to provide the fullest 
equipment for the most advanced training »n I research in 
various branches of science, espec ally in its application 
to industry ; and to do all and any of such things as the 
Governing Body consider conducive or incidental thereto, 
having regard to the provision for those purposes which 
already exists elsewhere. 

For these purposes, the Governing Bidy, subjeff to the 
provisions of the Charter, are to cany on the work of the 
Royal College of Science, and the Royal School of Mines, 
and may establish Colleges snl other Institutions or 
Departments of Instruction. Any Institution or Depart- 
ment so established, and, aubje& to the conditions 
of the Charter, the Central Technical College of the City 
and Guilds of London Ins hole, are to be integ<al parts of 
the Imperial College ; and the Central Technical College 
is to be called andltnown in future as the City and Guilds 
College. 

The Charter further provides that the Imperial College 
shall be established in the first instance as a School of 
the University of London. Students of the Imperial 
College who hive matriculated at the University of 
London may therefore proceed to the Science degree of 
the University as •* Internal Students.'* 

Attention is particularly direAed to the conditions of 
adm ssion and to the ex ended facilities for Research Work. 

The orJinuy courses of inatruAion are planned so as 
to extend <*ver four years, and are generally similar for all 
divisions during the first year, and to a less extent during 
the second year, after which they are specialised according 
to the partxular course which the student is t iking. 

The following Diplomas are awarded to Students of 
the several constituent Colleges : — 

The Diploma of the Imperial College of Science and 
Technology (D.I.C.) for advanced study or research io 
Pure or Applied Science. 

The Assnciateship of the Royal College of Science 
(A.R C S.) in one or more of the following divisions: — 
Mechanics. Puy sics, Cnemistry, Botany, Zoology, Geology 

The A«ioc ateship of the Royal S.hool of Mmes 
(\ R.S.M ) in one or more of the following divisions: — 
Metallurgy Mining. 

The Associ iteship of the City and Guilds Institute, 
(A C.G.I.) in Engineerin' (C<vil and Mechanical), En- 
gineering (E’eArica*). 

Twelve emrance scholarships arc given in September 
e*ch year, and post graduate scholarships are available 
fur enabling fourth and fi tb year students to complete 
their coutse*. Three Research Fellowships, founded by 
Mr. Otto Beit, of £150 a year, tenable at the Imperial 
College, are offered annually to post graduate students of 
this College, as we'l as to graduates of other Universities. 

Full details can be obtained from the College Calendar, 
published by Eyre and Spottiswoode (or through any 
bookseller), prke 61. 

THE SCHOOL OF PHARMACY 

OF THE PHARMACEUTICAL SOCIETY OF 
GREAT BRITAIN. 

Professor— Pharmaceotics, Henry G. Greenish, F.I.C., 
F.LS. (Dean); LeAurers— Chemistry, C. E. Corficld, 
A.I.C. ; Botany, J. Small, M Sc. 

A Course of LeAures on Physical, Inorganic, and 
Elementary Organic Chemistry. Botany, Materia Medica. 
and Pnarmacy commences in OAober and terminates at 
the end of June. An Advanced Course of LeAures 
begins in OAober and extends to the end of March. 
These LeAures are adapted to the requirements of 


1 Pharmaceutical and Medical Students, and also of those 
who are proceeding to degrees at the University of 
London, or who are preparing for the examinations eff 
the Institute of Chemistry. 

Entries may be made for single classes. Certificates 
of attendance at the LeAures and PraAical Work in 
Chemistry and in Botany are accepted as evidence of 
tcientific training by the Institute of Chemistry in con- 
neAion with the Examinations for the Associateship. 
Certficates of attendance st the LeAures and PraA cri 
Work in Chemistry are accepted by the Conjoint Board 
of the Royal Colleges of Physicians and Surgeons, as well 
as by other examining bodies. Certificates of attendance 
at the Course of Pharmacy are also accepts 1 by the 
Conjoint Board, and at the Courses of Pharmacy and 
Materia Medica by the University of London for the 
Second Examination for Madical Degrees, Part II. 

ProspeAuses and further information may be obtained 
from the Dean of the School, 17, Bloomsbury Square, 
London, W.C. 

UNIVERSITY COLLEGE OF WALES, 
ABERYSTWYTH. 

University of Walks. 

Pro'essor — A. Findlay, M.A., D.Sc. (Aberdeen), Ph.D. 
(Leipxig), F.I C. 

Lecturer and Demonstrator— T . Campbell James, M. A., 
Trinity College, Cambridge, D.Sc. (Wales). F.I.C. 

Assistant Lecturer and Demonstrator —Vacant. 

Lecture Assistant— (Vacant). 

Student A ssistaut— (Vacant). 

Lecturer in Agricultural Chemistry— J. Junes Griffith. 
B. Sc. (Wales). 

The College is open to men and women students above 
the age of sixteen years. The Session commences on 
OA. 1st, on which day all Students will be expeAed to 
meet the Professors in the Examination Hall of theCollege. 

Lecture Courses. —{ 1) Intermediate Science Course; four 
leAures weekly throughout the Session. (2 and 3) B.Sc. 
Courses ; A, three leAures weekly on Organic Chemistry ; 
B, three leAures weekly on General and Physical Chemis- 
try. (Courses A and B will generally be given in alternate 
Sessions; for 1918-1919, Course B). (4 and 5) Courses 

m Agricultural Chemistry. For students in their first year, 

3 leAures, and for those in their and year, 2 leAures weekly 
during the Michaelmas and Lent terms. 

Laboratory Courses .— The Laboratories are open daily 
from 9 a.m. to 1 p.m. and from 2 to 6 p.m., Saturdays 
9 a m. to 1 p.m. Regular Courses of praAical woik, suit- 
able for the B.Sc. degree of the Universities of London and 
Wales, or for the Associateship of the Institute of 
Chemistry, can be followed. Facilities are given for 
S udents wish ng to un !ertake reseaich work. Spec al 
Courses will be arranged for those who intend to follow 
Medicine or Pharmacy, or any one particular branen of 
Applied Chemistry, always provided that such Students 
possess the requisite knowledge of Theoretical Chemistry. 
The hours will be arranged, as far as possible, to suit the 
reauirements of the individual Student. 

The College is recognised by the University of Edin- 
burgh and the Royal University of Ireland, and by the 
Colleges of Physicians and Surgeons of England, Scotland, 
and Ireland as an institution at which the instruAion 
necessary for their respeAive Diplomas in Medicine, in 
Chemistry, Physics, and Biology may be given. One year 
for graduation in Medicine and two years for graduation in 
Science may be spent at Aberystwyth. 

Fees ,— The Fee for the whole Session, if paid in ad- 
vance, is £iy. This composition fee enables the Student 
to attend any or all the Classes and Laboratories of the 
College. 

Scholarships and Exhibitions varying in value from ^10 
to £40 per annum will be offered for competition at 
examinations which commence on September 19, and 
exhibitions are awarded at the end of the Session on the 
results of the class examinations. 
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Intending Students requiring further information are 
recommended to write to the Registrar for a copy either 
of the General ProspeAus or of one of the Special Proa* 
peAuses issued for the Agricultural and Normal Depart- 
ments. 

UNIVERSITY COLLEGE OF NORTH WALES, 
BANGOR. 

A Constituent Colleo* of the University of Wales. 

Chemistry . — Professor, K. J. P. Orton, M.A., Ph.D., 
F.I.C. Assistant Lectuiers and Demonstrators, J. O. 
Hughes, B.Sc., Sybil M Leslie, M.Sc., LeAurcr in 
Agricultural Chemistry, H. E. Jones, B A., B.Sc. 

Physics. — Professor, E. Taylor Jones, D.Sc. Assist an* 
Lecturers and Demonstrators, A. H. Ferguson, M.A., 
D.Sc.. and W. E. Williams, B.Sc. 

The Session opens OSober 1 t, 1918. All regular 
classes are open to men and women students above the 
age of 16 years. The following Courses of LeAures will 
be given. 

Intermediate Course .— Inorganic Chemistry and Ele- 
mentary Physical Chemistry. Fee for the Session, £5. 

B.Sc . Course . — I lorganic Chemistry. Fee for the 
Session, £3 15s. A dvanced Lectures on Organic Chemis- 
try, £1 5». Phy-ical Chemistry, £1 5*. 

Agricultural Chemistry.— Pat, £2 10s. 

Laboratory Courses .— The laboratory is open on five 
days of the week from 10 a.m. to 5 p.m. for instruAion in 
Chemical opeiations and in the Application of Chemistry 
to Medicine and the Industrial Arts. Fees : six hours 
per week, £1 is. per Term; twelve hours, £2 2s. ; 
Composition Fee for all LeAures and Laboratory Classes of 
the Science Degree Course taken in one year, £16. 

The C l'ege Courses are arranged with reference to 
the Degree Ccunes of the University of Wales (of wh<ch 
the College is one of the Constituent College*). The 
Courses in Science are also suited to the requirements of 
Students preparing for the Science Degree Course of the 
University ol London. 

The Chemistry, Botany, Zoology, and Physics Courses 
are recognised for Medical graduation in the Universities 
of Edinburgh and Glasgow, and by the Conjoint Boards of 
the Royal Colleges ol Surgeons and Physicians, and 
students can make one Annus medicus at the college. 
Students are prepared for the First Examination of the 
Universities mentioned, the First Examination for Me<Uc«l 
Degrees of the University of L ndon, and of the Conjoint 
Boaid of the Royal Colleges of Surgeon* and Puysicians. 
The Science Courses are recognised for part of the science 
degree course of the University of Edinburgh. 

UNIVERSITY COLLEGE OF SOUTH WALES 
AND MONMOUTHSHIRE, CARDIFF. 
Professor of Chemistry- C. M. Thompson, M.A., D.Sc., 
F C S. 

Assistant Professor — E. P. Perman, D.Sc., F.C.S. 
Lecturer to Medical Students and Demonstrator— F. W. 
Rea, B.A , M Sc. 

Professor of Metallurgy — A A. Read. D Me*., F I.C. 
The Session commences OAober 8 h and terminates 
on June 27' h, and is divided into three terms. 

The Junior Course (delivered during the Michaelmas 
term only) consists of about 30 leAures, and will cover the 
subjeAs prescribed for the Matriculation examinations of 
the University of Wales and the University of London. 

The Intermediate Course consists of about 80 leAures ; 
together with laboratoiy p<aAice it forms the qualifying 
course for the Intermediate Examination of the University 
of Wales, and will cover the subjeAs required for the 
intermediate Examination in Science (Part I.) of the 
University of London. 

The Senior Course consists of about So leAures on 
Inorganic Chemistry. 

A course on Organic Chemistry will be given in the 
Se8s : on 1919-1920. 

In the laboratory each student works independently, so 


that the course of study may be adapted to the require- 
ments of the individual. Hours, 9 to 1 and 2 to 5 ; Satur- 
day, 9 to 1. Fees — Six hours per week, £4 per session ; 
eight per week, £6 6s. per session ; twelve hours or more 
per week, £8 8s. per session. 

Registered medical students can prepare for the Inter- 
mediate M.B. Examination of the University of London, 
and spend three out of their five years of medical study in 
Cardiff. Medical students preparing for a Conjoint Board 
Surgical and Medical Diploma, or for the Diploma of tho 
Society of Apothecaries, can spend two years in Cardiff, 
For further information see the prospeAus of the Faculty 
of Medicine, which may be obtained from the Registrar. 

Students by making a payment of £16 at the com- 
mencement of each session may compound for all fees 
for the whole session. 

At the entrance examination in April, and the annual 
examination in June, several scholarships and exhibitions 
are awarded. Great importance is attached to special 
excellence in one subjeA. 

The College ProspeAus, and also further information as 
to scholarships, may be obtained from the Registrar. 

Aspeii«l prospectus is issued concerning cotwaes of 
study for d plomas in engineeiing, mining, and metallurgy. 

A Hall of Residence for Women Students is attached to 
the College. 

UNIVERSITY OF BRISTOL. 

Department of Chemistry. 

Alfred Capper Pass Projessor of Chemistry — Francis 
Francis, D.Sc., Ph.D., F.I.C. 

Lecturers — O.C. M. Davis. B.Sc., D.Sc., M.B., F.I.C., 
Capt. R.A.M C. ; F. W. R xon, M.Sc , PhD. 

Lecturer iu Physical Chemistry — James W. McBain, 
M.A., Ph.D.,'Capt. attached D.E.S., M. of Munitions. 

Lecturer in Bio-chemistry— M. Neenitein, Ph.D , 
D.fes Sc. 

Lectu erin Hygienic Chemistry— E I ward Russell, B.Sc., 
F.I.C. 

Laboratory Steward - J. H. Sturgess (on a A ve Strucr). 

The session commences on October 1. 

The Department of Chemistry is s tuated in the new 
wing of the University Buildings in Tyndall’* Paik, and 
was opened on OAober 1, 19x0. The Department 
provi.1t s accommodation for 200 students, and laboratories 
for work in specialiaed brand es of Chemistry have been 
designed and equipped with apparatus of the most modern 
ype. Ail the labo atorirs are supplied with electric 
wiring for experimental purposes, and currents of any 
des red voltage up to 250 volts at 50 am! feres from dynamo 
ur storage cells may be obtained throughout the De, art- 
ment. Higher voltages and cunems are available in 
special laboratories, f«>r Physical Chemistry and ElcAro- 
metallurgy. Special facilities are afforded to those wl.o 
des re to carry out lesearch or to study Chemirry at 
applied to the different processes em| l.iyed in the arts and 
manu^aAuies ; and a laboratory for Bio-chemistry has 
been specially designed for the investigations of prolleme 
on Biological lines. 

Day Lectures. 

General Courses . — 1. General Inerganic Chemistry- 
Three leAures per week during Session and Laboratory 
work. 2. General Organic Chemistiy — Three Le6urea 
per week during one Session and Laboia’.ory work. 
3. Physual Chemistiy— Three L-Aures | er week for first 
Seision, two LeAurea per week for second Session, and 
Laboiatory woik. 

The Lrboratoiies are open daily from 9 30 to 5 except on 
Saturdays, when they are open for Senior Students only. 

Courses for Giaduation.— Intermediate Science — Course 
1 and one day Laboratory per we«k. Pass Degree — 
Course 2 and 3, and at least one day Laboratory per 
week during two Sessions. The Chemical Society must 
be attended during the second and third years, and one or 
more of the Special Courses a>rangtd for Honours 
Students. Honours Degree— Four year course, or three 
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in ihs case of thoie who a’ready hold a H gher School 
Certificate. The last less on is spent on research which 
is essential for all H mours Degrees in the Faculty of 
Science. Daring the first year in the Honours School 
Courses a and 3. and the second and third, Course 3, and 
one or more of the following Special Courses as direAed, 
r/.: — Organic Chemistry, Physical Chemistry, Mathe- 
matical Chemistry, Advanced Inorganic C ministry, Ap- 
plied EleAro-cbemistry, some part of Bio ehemistry. 

The meetings of the Chemical Society must he attended 
du ing each Session. 

Colloquium.— A week'y Colloquium will be held by 
members of the S;afl to diacuss recent advances in the 
various developments of Chemistry. Honours Students 
attend, and others interested are invited to do so. 

Extract from Regulations as Regards Fees . 

1. Registration Fee 7s. for a i ngle Course ; £1 is. shall 
cover a perpetual registration for any number 01 Courses. 

a. Inclusive Fee tor an entire curriculum for degree of 
B.Sc., whether *' Pass ” or Honours," shall be £2 1 a year. 

The Fees for separate Laboratory praAice and instruc- 
tion in the Faculty of Science shall be at the rate of 
£2 as. per term for each day in the week for which admis- 
sion in the Laboratories is sought, with a minimum of 
£$ 3s. in each particular case. 

The 8; ale of fees for separate courses of ledures in 
the Faculty of Science may be obt rined on application. 

All communications to the Unive>s:tyto be addressed 
to tbe Registrar. Information concerning Courses or 
Laboratory woik in the Department of Chemistry may be 
obta ned hom the Professor. 

The department of Experimental Physics includes 
various courses of leAures arranged progressively, and 
praAical instrudion is given in the physical and eleArical 
labora ories. The Faculty of engineering includes 
courses specially arranged for students intending to 
become civil, mechanical, ele&rical, or automob le en 
eineer*. Medical education is provided by the Faculty of 
Medicine of the U tiversity. Several Scholarships are 
tenable at the University. 

MERCHANT VENTURERS’ TECHNICAL - 
COLLEGE, BRISTOL. 

Chemistry. 

Professor — J. Wertheimer, B.A., D.Sc., F.I.C., F.CS. 

Lecturers— U. A. M. Borland, A.R.C.S.; Annie M. 
Herbert, B Sc. 

Demonstrators— H D. P. Davies and W J. Gibbs. 

LaboreUory Steward - Mary R. Siundcr*. 

Assistant in Chemical Laboratory— H. Hooper. 

The following Evening Classes in Chemistry are held : — 
Pi elt mi nary Inorganic, Mond »ys. 7.10—9.15 ; Matricula- 
tion (Iro ganic), Friday*, 7x0 — 9.50 ; Intermediate 
(looreanic), Tuesdays, 7.10—9 50. Tney will begin on 
M nday, Sep*. 30th, 1918 

UNIVERSITY OF BIRMINGHAM. 

Professor— Percy F. Frankland, Pli.D , Sc.D., LL.D., 
F.R.S., F.I.C. 

Assistant Lecturers and D.mjns'rators — Hamilton 
McCombie, M.A , P«>.D., B.Sc., A.RC.S., A I.C. ; S. R. 
Carter. M.Sc.; A. Parker, D.Sc. ; Wm. Wardlaw, M.Sc. ; 
J. E. Cosies, M.S:. 

Professor of Metallurgy —Thomas Turner, M.6c., 
A.R.8.M. 

The Session will be opened on O&ober xst, 1918. 

Toe Chemical Department has hitherto beeo housed in 
tbe new University buildings at Bournbrook, but owing 
totboee buildings having been taken over by the Military 
Authorities f a use ss a Bate Hospital the clashes during 
the com ng Session will b« arranged It r at the Birming- 
ham Municipal Technical School and the Ma on College. 

Lecture Courses. 

First Year.— A This part of the course is arranged (1) 
to give a full exposition of the general principles of Chemi- 


cal Science, (a) lor the systematic study of the properties 
of the more important elements and their compounds, and 
(3) to indie ite the chief applications of Chemistry in tbe 
A ts and ManufaAures. Tnree boors weekly during the 
Winter and Spring terms. Mondays, Weinesdajs, and 
Thursdays at 9 30 a m. Pee, £$ 5 «. B. This part of the 
co- rse inchi let an introduAion to the study of O ganic 
Chemistty, with a description of the properties, relations, 
and methods of prepara ion of the more important g oupt 
of Caibi n Compounds. Three hoars weekly during the 
Summer term. M »ndays, Wednesdays, and Fridays, at 
9 30 »o xo 30 a.m. Fee, £1 11 «. 6 1 . 

Second Year. — Advanced Organic Chemistry . — This 
course extends over two yssrs, and is divided into two 
parts :—[a) Carbon Compounds of the Fatly Series ; {b) 
Aromatic and other Cyclic Compounds. Only one of these 
parts will be takeo in each year. The class meets twice 
weekly by arrangement dur.ng the Winter and Spring 
terms. Fee, £2 at. AJoaneed Inorganic Chemistry.— 
This course is devoted to the consideration of special 
branches of Inorganic Chemis rv. and di e& 00 ia alto 
given aa to the private rcari g which should be puisued 
by a udents. The class mee s by a rang*ment once 
weekly during tbe Seta on. Fee, £1 is. 

Third Year . — A further Course in Advanced Organic 
Chemistry will deal with one of the above parts of the 
Course. The class meets two hour* weekly by arrangement 
during tbe Winter and Spring terms. Fee, £2 2*. A 
Course on Physical Chemistry. Fee, £22*. 

Tbe class meets two houra weekly during the Winter 
sad Spring Tirms. 

Fourth Year . — For students preparing for tbe B.Sc. 
degree with Honour* in Chemistry. 

Special Courses in Gmer.l, Organic, and Physic «1 
Chemistry. 

Practical Chsm stry. 

The instruAion in PraAical Chemistry Inorganic, 
Organic, and Pn> sical) extends over four years in the 
cate of the H*»n >urt Degree. The Laboratory will be 
open daily from 9 30 to 5, except Saturdays, when it 
cl ses at 1 p.m. Fees— 

Three houra Three hoars 




Three hoars 

week. 

P«r day; 


All day. 

P«r day. 

three naye s 
week. 

Guineas. 

Guineas. 

Guineas. 

Guineas. 

One Term .. 

7 

4i 

4 

2k 

Two Terms . 

13 

8* 

7 * 

5 

Three Terms 

18 

xa 

XI 

64 


Special facilities are given to Advanced Students for tbe 
pros cution of original research. 

Metallurgy. 

There is a separate University department for Metal- 
lurgical students in which provision is made for instruc- 
tion in assaying, Ac- 

Scholarthips. 

Priestley Scholarships.— Three Open Scholarships in 
Chemistry of the value of about £96 each are awarded 
annually in June. 

Ascougk Scholarship.— One Open Scholarship of the 
value 01 about £y> is awarded annually in July. 

Bowen Scholarship.— One Open Scholarship in Metal* 
iurgy, value about 496, is awarded annually in June. 

Per particulars apply to the Registrar. 

CITY OF BRADFORD TECHNICAL g^LEOR- 
PrincipV— Prof. W. M. Gardner, M.Sc , F.I C. 

Department or Chemistry and Dyeino. 

Professor of Ckem stry and Dyeing — 'The Principal. 

Assistant Professor of Ckemishy— B. Nor.h, A.R.C.S., 
F.I.C. 

L'Cture*% in Chemistry — L. L. Lloyd, Ph.D. ; H. 
M’ddletor . M.Sc ; A. Jackson, B.Sc. ; E. Jones, B.Sc. 

lecturer in Physics — J. A Tomkins, A.R.C.S (Lond.). 

Demonstrator in Physics — F. Harcourt, B.Sj. 

Lecturer in Gas Manufacture—]. W. Roper. 
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Lecturer in Botany — J. Crycr. 

Lecturer in Pharmacy — G. H. Etchells. 

Lecturer in Biology — J. A. Fisher. 

The following courses of instruAion are provided — 

I. General Chemistry Course, extending over four 
years, and including Led u res in Inorganic, Organic, and 
Technological Chemistry, Piinciples of Analysis, Tech- 
nical Analysis, Electro-chemistry, Physical Chemistry, 
Physics, Mathematics, Mechanics, with Laboratory work 
In Chemistry and Pnysics. 

II. Chemistry and Dyeing Course , extending over four 
years. Includes most of the above subjeAs, along with 
LeAures and praAical work in Dyeing, Colour matching, 
Ac. The practical laboratories include a completely 
equipped Practical Dyehouse and Finishing Rooms. 

III. Chemical Engineering. Three years' course, pre- 
paring Students for positions in Chemical Works, Sewage 
Works, Ac. 

IV. Sanitary Science . One year's Course, recognised 
by the Sanitary Institute as preparing for their certificate 
examination. SubjeAs : Chemistry, Physics, Sanitary 
Engineering, Sanitary Law, Building ConstruAion, 
Drawing, Physiology, and BaAeriology. 

V. Dyeing . Special Courses for Graduates in Chemis- 
try, and tor Drysalters, Colour Merchants, Ac. 

VI. Textile and Dyeing. Arranged for those Students 
who desire to study the two subjeAs simultaneously. 

VII. First Professional Examination, Conjoint Medical 
Board (M.R.C.S., L.R.C.P.), London, — Attendance at the 
College and College Certificates in Chemistry, Phvsics, 
and Biology are recognised by the Conjoint Boards for 
Medical Studies (London and Dublin) as a qualifying 
curriculum. 

VIII. General Pharmaceutical Course. Prepares for the 
Minor, Major, and Assistants' Pharmaceutical Examina- 
tions. Each extends over two years on four half-days 
per week, and includes Chemistry and Physics, Botany, 
Biology, Materia Medica, Pharmacy, and Dispensing. 

ROYAL AGRICULTURAL COLLEGE, 
CIRENCESTER. 

Chemical Department. 

Professor — Prof. E. Kinch, F.C.S., F.I.C. 

(Closed during the period of the war). 

THE UNIVERSITY OF LEEDS. 

Professor of Chemistry — Arthur Smithells, B.Sc. , F. R 8. 

Professor of Organic Chemistry — Julius B. Cohen, 
Ph.D , B.Sc., F.R.S. 

Lecturer on Physical Chemistry— H. M. Dawson, D.Sc., 
Ph.D. 

Lecturer in Analytical Chemistry — W. Lowson, B.Sc., 
F.I.C. 

Assistant Lecturer and Demonstrator — W. H, Perkins, 
M.Sc. 

Demonstrator in Organic Chemistry — P. H. Dutt, M.A., 
M.Sc 

Temporary Demonstrator — F. W. Turner, B.Sc. 

Lecture Courses. 

i. General Course of Chemistry. — Monday, Wednesday, 
and Friday, at 11.30 a.m. Fee for the Course, £5 10s. 

а. Advanced Inorganic Chemistry. — (A) Monday, 
Wednesday, and Friday, at 9.30 a.m. Fee, £4 ios. 

3. Advanced Inorganic Chemistry. — (B) Tuesday, 
Thursday, and Saturday, at 9.30 a.m. Fee, £4 ios. 

4. Organic Chemistry. — Tuesday, Thursday, and 
Saturday at n 30 a.m. Fee £4 ios. 

3. Honours Courses —(a) Organic Chemistry : Monday, 
Wednesday, and Friday at ii.30 a.m.; fee, £4 10a. (6) 

History of Chemistry : Monday, Wednesday, and Friday 
at 9.30 a.m. in the Fira Term ; fee, £2 38. (c) Physical 

Chemistry : Three hours a week at times to be arranged ; 
fee, £4 ios. (d) EleAro-chemistry : Tuesdays at 9.30 
a.m. ; £2 tos. 

б. Chemistry of Food and Drugs. — Special class during 
the second term for Students taking Final Examination 


of the Institute of Chemistry in Branch E (Food and 
Dtog*)« £3 3 s * Laboratory Courses 

The University Laboratory will be open daily from 9 a.m. 
to 1 p.m., and from 2 to 5 p.m., except on Saturdays, 
When it will close at 1 p.m. 

Fees for the Session- -£3 per half day of three hours 
per week. 

Practical Course in Sanitary Chemistry. — Tuesdays and 
Thursdays from 2 to 5 in the Second and Third Teims, 
Fee, j£7 7*. 

Colour Chemistry and Dye<ng Department . 

Professor — A. G. Perkin, F.R.S.. F.I.C. 

Lecturer and Research Cnemist — J. B. Oesch. Ph.D. 

Lecturer in Dyeing and Research Assistant— P. E. King. 

Demonsira'or— A. E. Woodhead, M.Sc. 

The Courses extend over periods of (a) three or (6) four 
years, and are intended for those who wish to obtain a full 
scientific and praAical education in the art of dyeing, 
colour manufacture, Ac. Diplt ma Course (it) is suitable 
for those who purpose to become dyeing chemi-ts, and 
desi e in the future to take part in the direAion of the 
operations of dyeing and calico printing; e.g. t the sons 
of manufaAurers, calico printers, managers, master dyers, 
Ac. Honouis Course (6j is more largely conceded with 
the study of colour manufaAure, and is designed for the 
training of faAory and research chemists required by works 
which are engaged in the preparation of dyestuffs. 

Textile Industries Department . 

Professor— Aldred F. Barker, M Sc. 

Lecturer in Textil< Industries — H. Piiesiman. 

Lecturer in Yarn Manufacture— T. Hollis. 

Lecturer in Textile Chemistry — W. Harrison, M.Sc. 

Engaged on Special Research — S. A. Shorter, D.Sc. 

Assistant Lecturers — A. Yewdall, W. Law. 

The courses of instruAion extend over three or four 
yens accoiding to the Degree or Diploma Course seleAed. 
Shortenel cout»e< are arranged for special seAions of the 
work. The praAical equipment is designed to enable 
workers in the department to pa s wool through every 
p'oee-s from the Raw Ma erUI to the Finished Fabric. 
-The Research Laboratories are equipped for the Scientific 
Invrstiga ion of the fundamental ptincip’cs unde lying 
all the processes involved in Wool ManufaAure. Cloth- 
workers' Scholarships are at the disposal of the University, 
and it *8 very probable t»at under the newly developed 
We*t R ding of Yorkshire Scheme valuabe Travelling 
Scholarships will be availab'e for Senior Textile Students. 

Leather Industries Department. 

Professor — H. R. Procter, D.Sc., F.I.C. 

Assistant Lecturers and Demonstrators -W. R. Atkin, 
M.Sc.; F. C. Thompson, M Sc. 

The full Courses, which extend over a period of either 
two or three years, are suitable to all who intend to be- 
come Technical Chemists in the Leather Industry, or 
managers of important works, and are recommended to sons 
of tanners. The Courses include instruAion in chemistry, 
a modern language, leather manufaAure, and praAical 
work in the Leather Industries Laboratory and Dye house. 
In 1914 the capacity of the Un vetsity to undeitake te- 
search in th ; s b anch «*f Applied Science was greatly 
extende • by the establirliment, in a new build ng adjoin ; ng 
the Leather Department, of the PioSer International Re- 
sea ch Laboratory, ereAed by the leather industries of the 
world in reco^nit : on of the work of Henry Richardson 
ProAer, the first Professor of Leather Industiie* in the 
University. 

Agricultural Department. 

Professor— R. S. Seton, B.Sc. 

Professor of Agricultural Chemistry — C. Crowther, 
M.A., Ph.D. 

Assistant Lecturers in Agricultural Chemistry— W. 
Godden, B.Sc., A.R C.S., F.I.C. ; N. M. Comber, B.Sc., 
A.R.C.S. ; J. A. Hanley, Ph.D. 

The full Course occupies three years, and includes in- 
struAion in chemistry, physics, mathematics, geology, 
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botany, forestry, engineering and surveying, and the 
principles of agriculture, as well as practical work in the 
various laboratories and out door agriculture at the 
University Farm. 

Institution for Research in Animal Nutrition, 

Director— C. Ciowther. M.A., Pb.D. 

Biochemist — H- W. Dudley, M.Sc., Pn.D. 

Rtuareh Assistant— H. £. Woodman, M.Sc., Ph.D. 

The Institotion is maintained by a special grant from 
the Board of Agiicultute and Fisheries, and is closely 
as s o ci ated with the Agricultural Department of the 
University. 

Department oj Coal-gas and Fuel Industries with 
Metallurgy . 

Liuesey Professor—]. W. Cobb, B.Sc., F.I.C. 

Lecturer in Gas Chemistry— H. J. Hodsman, M.Sc. 

The Courses extend over two, three or four years, and 
are suitable for those who are preparing for posts either as 
Oae Engineers or in Fuel and Metallurgical industries. 

The Courses in Oas Engineering and the Technology o! 
Fuel will chiefly deal with the manufacture and distribu- 
tion of coal-gas and gas-lighting problems, by-product 
coking processes, and the production and application of 
gaseous fuels for heating and power purposes. 

The Metallurgical Courses, besides dealing with general 
processes for the concentration and extraction ol ores, 
will be chiefly directed to problems underlying blast fur- 
nace and open-hearth steel practice, and to the micro- 
structure, physical propert'es, and heat treatment of steel 
aod other industrial alloys. 

Special attention is paid to the study of RefraAory 

Materials. 

Research Students are admitted to the University 
Laboratories on reduced terms. 

Several valuable Fellowships and Scholarships are at the 
disposal of the University, including a Fellowship ot £100 
offered by the Institution of G*s Engineers, and the Salt, 
Akroyd, Brown, Baines, Emsley, Craven, and Cloth- 
workers* Scholarships, and one of the 1851 Exhibition 
Scholarships. The Leeds City Council's and the North, 
East, and West Ridings County Council's Scholarships 
are tenable at the Uoiversity of Lreds. 


UNIVERSITY OF LIVERPOOL. 

Professor of Inorganic Chemistry— E. C. C. Baly, C.B.E., 
M.Sc., F.R S. 

Professor of Physical Chemistry — W. C. McC. Lewis, 
M.A., Pb.D. 

Professor 0) Bio chemistry — W. Ramsdeo. M.A , D.M. 

Professor of Organic Chemistry— R. Robinson, D.Sc. 

Lecturer ou Analytical Chemistry — J. Smeath Thomas, 
D.Sc. 

Assistant Lecturers and Demonstrators— A J. AUmand, 
D.Sc.; Fraocis W. Ksy, M.Sc., Pb.D. 

Lecture Assistant— H. H. FroyseU. 

The Session commences early in OAober. 

The Classes meet the requirements of candidates for 
the Ordinary B.Sc. Degree, for Chemistry Honours, or 
for the M.Sc. or D.Sc. Degree in the University of Liver- 
pool ; for Degrees in Medicine of Liverpool ; for the 
Pharmaceutical, Veterinary, Dental, and Public Health j 
Diplomas ; and for those studying Chemistry as a pre- 
paration for professional, technical, or commercial life. 
The Classes qualify for the Associateship of the Institute 
of Chemistry aod othsr Examination Boards. 

Lecture Courses. 

A. General Introductory Course, including the principles 
of Organic and Physical Chemistry. Three Terms. Fee, £4. 

Engineer's Course of Lectures with Practical Class. 
Two Terms. Fee, including PraAical class, £6. 

Course A.— General E'emei tary Chemistry, £4. 

Course B.— Inorganic Chemistry. Fee, £1. 

Course C. — Inorganic Chemistry (Honours Course). 
Fse, £4. 

Course D.— Organic Chemistry. Fee, £3. I 


Course E — Organic (Honours). Fee, £4. 

Course F. —Physical Chemistry. Fee, £3. 

Course G. — Honours Pnysical Chemistry. Fee, £4. 

Course H.— Applied Inorganic Chemistry, £2 10s. 

Course J.— Metallurgy. Fee, £2 10s. 

Course K.— Applied Organic Chemistry. Fee, £t 10s. 

Coaise L — E'eAro-chemistry. Fee. £2 10s. 

Also Pass and Honours Courses in Bio-chemistry. 

Research students carrying oat research work pay a fee 
of £3 per annum. 

lhe Inorganic and Organic Chemical Laboratories 
provide acioramodat on for every kind of work and re- 
sea ch in inorganic and organic chemislty and in metal- 
lurgy. Thete is also a laboratory devoted to speAroscopic 
work and research. 

The Muspratt Laboratories of Physical Chemistry and 
EleAro-chemistry adjoin the main chemistry buildings, 
and, owing to their full equipment, offer every opportunity 
or all manner of work and research in these subjeffs. 

The Bio-chemical Laboratory is also separately houssd, 
and provides facilities for work and research. 

Students desirous of gaining a thorough theoretical and 
praAical acquaintance with Technical Chemistry, or who 
intend to adopt Chemical work as a profession, must 
devote three or four years to special study, for which a fuH 


curriculum is provided. 

Per Week 

Fees : — 

One Term. 
Three Months. 

Three Terms 
One Session 

One day . . • 

• •• £a 

£7 

Two days . . . 

• • • 5 los. 

IO 

Three days . • . 

• •• 7 

13 

Whole week . . 

• .. XO IOS. 

ax 


D.P.H. Course (see special syllabus). 

Coarse for Dental Degree and Diploma (set special 

•ylUbns). Technological Curriculum. 

The curriculum ex-ends over three or four years. 

The Final Examination for the Associateship of the 
Institute of Chemistry may be taken alter the third year. 
Those students who have taken the Ordinary Degree of 
B.Sc. may pass the M.Sc. Exam, in any subsequent your. 

The Shetidan Muspratt Scbola ship of £50 per annum, 
tenable for two years, will be competed for in December, 
1918, on an Examination in subjeAs which are included 
in the first two and a half years of the above curriculum. 
Candidates should send in their names to the Rrgistrar 
not later than November 15. The Campbell Brown and 
Sir John Wtlloa Scholarships, on similar lines, are open 
'or competition. Other Scholarships, Entrance Scholar- 
ships, and Free Studentships are also available to Students. 
Regulations as to these may be obtained from the 
Registrar. 

ARMSTRONG COLLEGE, NEWCASTLE-ON-TYNE. 
(In thk University or Durham). 

Professor of Chemistry— P. Phillips Bedton, M.A., 
D.Sc., F.I.C., F.C.S., J.P. 

Lecturers in Chemistry — F. C. Garrett, D.Sc., F.C.S., 
and J. A. Smythe, D.Sc., Ph.D., F.C.S. 

Assistant Lecturers and Demonstrators— A. Forster, 
M.Sc., Pn.D. (engaged pn Munition Work), J. B. Firth, 
M S:., and Miss C. B. S.hofield, M.Sc. 

Lecturer in Agricultural Chemistry— S. Hoare Collins, 
M.Sc., F.I.C., F.C.S. 

Asustant Lecturer in Agricultural Chemistry — A. A. 
Ha'l. M S.\ Ph.D. ( e:v ng with H.M. Forces). 

First Year Courses. — Division I. — This Course of 
LeAures will extend over the three terms of the Session, 
and is intended to serve as an introduAion to the Science. 
The LeAures will be of an elementary charaAer, and 
whilst framed to meet the requirements of First Year 
Students will also be serv iceable to such as intend pursuing 
Chemistry in its various applications in the arts and 
manufaAures, as, for instance, Brewing, Metallurgy, the 
ManufaAure of Soda, Soap, Glass, & c. The subjeAs 
treated will include an exposition of the Principles of 
Chemistry, and a description of the preparation an<{ 
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properties of the chief Elementary Substances, both > 
metallic and non-metallic, and their more important I 
native and artificial compounds. The class will meet on I 
Mondays, Wednesdays, and Fridays, at xi a.m., and will 
commence on Wednesday, Odober 3rd. Fee, £3 10s. for 
the Session. 

Division II. Similar to Division I , but modified to meet 
requitements of Student* for Degrees in Engineering and 
Mining. Mo ‘days 12 to 1, Tuesdays and Thursdays 
xo to xi. Fee, £3 10 *. for Seas on. 

Second and Third Year Courses.— These ledures are 
d signed to form a part of the course of instrudion in 
Chem stry, and to prepare students or the examinations 
in Chemistry for the degree of Bachelor of Science, Pjss 
and Honours. 

(n) Inorganic Chemiftry .—Advanced Course. Tuesdays 
and Thursdays at 11 a.m. Fees, Ledmet, £3 10s. per 
sess : on, and £1 xos. per term. 

(6) Organic Chenrstry. — Aliphuic and Aromatic Com* 

K unds, Tuesdays and Thursdays at 10 a.m. Ftes, 
dure a, £3 10s. per session ; £1 10s. per term. 

(c) Organic Chemstry.— Advanced Course, Tuesdays 
and Thursdays at 12 noon for part of the session. Fees, 
Lednres, £3 xos per session ; £1 xos. per term. 

(d) History of Chemistry and Chemical Philosophy. — 
Saturdays at 10 a.m. Fees, Ledures, £3 ios. per session ; 
£1 tot. per term. 

(#) Physical Chem stry.— Tuesdays and Thursdays at 
X2 noon for part of the sess on. Fees, Ledures, £3 xos. 
psr session ; £1 xos. per term. 

(f) Analytical Chemistry. — Fridays at 915 a.m 
Fee. £1, 

(g) The Rarer Elements and the Periodic Law. — Times 
to be arranged. Fees, Ledures, £3 xos. per session ; 
£1 xo*. per term. 

Students taking Chemistry for Pass Degree will attenJ 
in their second year the cours: a and /, and in their thirJ 
year the courses b and d , in addition to the necessaiy 
Laboiatory pradice. 

Student* taking Chemistry for Honours Degree will 
attend in their second year the courses a. b, and f \ and in 
their third year the courses, c, d % e, and g , in addition to 
the necessary Laboratory pradice. 

A Ledure Course in Analytical Chemistry will be given 
on Fridays, at 9.15 a.m. Fee for the course, £ 1 . 

Metallurgy and Assaying. — Ledurer, Prof. Louis, M A., 
D.Sc., F.I.C., FOS ; Demonstrator, H. Dean, M. Sc., 
A-R.C.M. A Metallurgical Laboratory is provided, in 
which instruction is given in the ordinary processes of 
Dry Assaying, and in the preparation and analysis of 
Alloys, &c. Fees as for Chemical Laboratory. 

Agricultural Chemistry . — The instrudion in this branch 
of Chemistry will consist of a series of Ledures and of 
special pra&ical work in the Chemical Laboratory. 
Students will be expeded to have a knowledge of Ele- 
mentary Chemistry, such as maybe obtained by attending 
the General Course. 

The Ledure Course in Agricultural Chemistry is 
arranged for two days a week throughout the Session. 
Fee, £3 lot. 

Practical Chemistry.— The Laboratory is open from 
xo a.m. to x p.m., and from 2 to 5 p.m., except on Satur- 
days, when it closes at x p.m. Laboratory Fees. — Student* 
working six days per week £3 ios. per term, £13 per 
session ; one day per week, £2 per term, £3 per session. 

Courses of Study. — Students will be divided into two 
classes x^x) Regular, or Matriculated Students, whe 
are also Members of the University of Durham ; and 
(2) Non-Matriculated Students. Regular Students will be 
required to follow such a course of study in the subjedi 
professed in the College as will enable them to pass the 
Examinations for the degree of Bachelor in Science of 
the University of Durham. Non-Matriculated Students 
will attend such classes as they may seled. Every can- 
didate for admission as a matriculated student must have 
passed the University Matriculation Examination. 


Matriculation Examination. — In order to enter 00 m 
course of study for a Degree a student must have pre- 
viously satisfied the Examiners in the following subjeds : 
— (1) English, (2) English History, (3) Mathematics, 
(4) three of the following subjects, of wnich one most bo 
a language : — (a) Religious Knowledge, (ft) Latin, (c) 
Greek, (d) Ancient History, (#) French, (f) German, (g ) 
some oiber language to be approved, (A) Experimental 
Science or Physics or Chemistry, (i) Boany or Zoology, 
(/) Mechanics, {k) Extra Math* mattes, (/) Geography. 

(1.). Candidates for degiees in Aria, who do not offer 
Latin in their Matriculation Examination or in tbo 
equivalent accepted as exempting therefrom, will be 
required to pass in Lai n at a subsequent examination 
be ore entering upon the Arts course. 

(ii.) Candidates for degrees in Commerce, who do not 
offer a Modern Fwraign Language in their Matriculation 
Examination, or in the equ valent as exempting there- 
from, will be required to pats in a Modern Foreign 
Language at a sub equent examination before entering 
upon the Commerce coarse. 

(iii ). Candidates for degrees in Engineering (Civil, 
Mechanical, and Eledrical) and in Naval Architedure will 
be required to take the foliow.ng subjeds from the list 
(1) English ; (a) English History, including Geography 5 
(3) one of the four languages — Latin, Greek, French, 
German ; (4) Extra Mathematics ; (5) and (6) either 
Experimental Science and Mechanics, or any two of the 
following subjeds— Chemistry, Puysics, Mechanics. 

(iv.). Foreign Students may be exempted from the 
Matriculation Examination on report from the Board of 
Professors of Armstrong College, that they have rece’ved 
such an education in their own country as will enable 
them to p ofit by University rudy, ani that they have 
sufficient knowledge of English to enable them to follow 
the courses of instrudion they are entering for. 

For detailed S>ll«buses and complete Regulations the 
College Prospedus should be consulted. 

Bachelorship in Science. — The degree of Bachelor of 
Sier.ce is conferred in Pass and Honours in Pure and 
Applied Sciet ce. For details of curricula, dkc., the College 
Prospedus should be consulted. 

Exhibitions. — Two Exhibitions of the value of £20 and 
£10 respedively will be awarded in September to 
Candidates desirous of attending the first year course of 
study in tfce College. 

The examination will be held at the College, and will 
commence on Thursday, Sept. 26th, 19x8. Candidates 
should send in the r names to the Secretary on or 
before September 10th. 

Several valuable Scholarships are available for students, 
including the Johnston Chemical Scholaiship of ihevaloo 
of £60 for one year, which is open to Bachelors of Science 
of any Biitish University ; the examination for thla 
Scholaiship will be held during the week commencing 
Odober 7th*. Candidates should send in their name# 
to the Secretary on or before September 37th. 

THE UNIVERSITY OF MANCHESTER. 

Projessor of Chemistry and Director of ike Chemical 
Laboratories— Harold B. Dixon, C.B.E , M.A., M.Sc . 
Ph.D., F.R.S. 

Professor of Organic Chemistry — Arthur Lap worth. 

D Sc , F.R.S. 

Reader in Biochemistry and Senior Lecturer in Chemis - 
try — # C. Weismann, Ph.D., D.Sc. 

Senior Lecturers and Demonstrators— Norman Smith, 
D.Sc. ; •£. C. Edgar, D.Sc. ; F. P. Burt, D.Sc. ; J. B. 
Myers, D.Sc. 

Assistant Lecturer* and Demonstrators— fW. J. Jooea, 
M.Sc. ; fj. R. Partington. M.Sc. ; Colin Campbell, M.Sc. ; 
H. Stephen, M.Sc.; W. K. Slater, M.S~.; Leonora 
Pearson, M.Sc. 

Professor of Metallurgy— C. A. Edwards, D.Sc. 

Assistant Lecturer in Metallurgy— W. Whittley, M.Sc* 
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Lecturers in Electro-Chemistry — fj. N. Pring, D.Sc. ; E. 
Newbury, D Sc. 

(* Under leave for special work for Min : tiry of Moni- 
tions. f Se ving in H.M. Forces). 

Chemistry Lecture Courses . 

General Chemistry Course. — Tuesdays, Thursdays, and 
Saturdays, at 9.30, during the two Winter Terms. 

This course is intended for Students commencing 
the study of chemistry. 

Introduction to Organic Chemistry.— Mondays, Wed- 
nesdays, and Fridays, at 11.30, during the Summer Term. 

This course is designed to meet the requirements of 
Students preparing for the Intermed ate D Sc. Examinaiiun. 

Biochemistry , Theoretical and Practical— Tuesdays and 
Thutsds)8 during the Summer Term. This Course pre- 
pares for Part III. of the first M B. Examination. 

Pirst Year Honours Course. — Mondays, Wednesdays, 
and Fridays, ix.30, during the two Winter Terms. The 
Non-Metals, and! Introduce on to Phy-ical Chemistry. 

Second Year Honours Course. — Mondays, Wednesdays, 
and Fridays, at 2, during the two Winter Terms. The 
Metals, and IniroduAion to Physical Chemi-try. 

Third Year Honours Course. — Theoretical and Physical 
Chemistry. 

Organic Chemistry (General). — Mondays, Wednesdays, 
and Fridays, at 9 30, during the two Winter Terms. 

Organic Chemistry (Advanced).— Tuesdays and Thurs 
days, at 9.30, during the two Winter Terms. 

History of Chemistry. —Short Courses during the two 
Winter Term?. 

Chemistry of Colouring Hatters — Theoretical and 
PraAical Course during the Winter Terms. 

Metallurgy — Introductory Course, followed by either— 

(A) Lead, Copper, Bismu h, Antimony, Zinc, and Tin ; or 

(B) Iron and Steel. Course A, two LeAu es per week 
daring the first half of the Session. Course B, one LeAure 
per week daring the Se'8'on. 

Electro-chemistry.— General Theoretical Course : One 
hoar per week during the Michaelmai and Lent Term*. 
App'ied Course : One hour per week during Michaelmas 
and Summer Terms. 

B.Sc . s with Honours in Chemistry.— The course extends 
over three years, and comprises systematic instruAion by 
means of leAures and praAical work in the laboratories. 

The Research Laboratories for I oorganic. Organic, and 
Physical Chemistry, and for Metallurgy, are open to 
graduates aod other advanced students. 

For farther particulars of any of these courses apply to 
the Registrar, Edward Fiddes, M.A., or to the DreAir 
of the Laboratories. 

UNIVERSITY COLLEGE, NOTTINGHAM. 

Difartmbnts of Chemistry and Metallurgy. 

Professor of Chemistry — F. Stanley Kipping, Pn.D., 
D Sc F I C F R.S. 

Demonstrators of Chemistry — R. M . C aven , D Sc. , F. I . C . ; 
E. B. R. Pndtaux, M A., D.Sc.; and H. Lambourne, 
B.Sc. <00 active service). 

The Classes of the College are open to students of both 
sexes above sixteen years of age. 

Lecture Courses.— The Chemistry Day LeAures extend 
over three years. In the first year a student attend* a 
course on Inorganic Chemistry. In his second year he 
atteods LeAures on both Inorganic and Organic Chemis- 
try. In his third year he attends courses on Advanced 
Organic Chemistry, Physic*! Chemistry, and Advanced In- 
organic Chemistry. 

Demonstrations and LeAures on Analytical Chemistry 
are given, and Chemical Calculation aod Tutorial classes 
ere also held. Various short courses of leAures 00 special 
subjeAs are delivered during the Session. 

Students may qualify themselves by attendance at these 
leAures and classes for the Examinations of the Univer- 
sities of London, Cambridge, or Oxford, and for the 
Medical Examinations of the Royal College of Surgeons 
and of the Universities of Cambridge and Edinburgh : 


they may also obtain instruAion in Chemistry for technical 
or other purposes, and can enter for a full Chemical 
Engineering Curriculum. Special attention is given to 
the requirements of candidates for the Associateship of 
the Institute of Chemistry. 

Practical Chemistry and Metallurgy. — The Chemical 
and Metallurgical laboratories are open evety day from 9 
to 5, except on Saturday, when the hours are from 9 to 
1 ; also on Tuesday and Thursday evenings from 7 to 9 
Each Student works independently of other Students at a 
course recommended by the Professor. InstruAion is given 
in general Chemical Manipulation, in Qualitative and 
Quantitative Analysis, and in the methods of Original 
Chemical Investigation and Research ; Students are also 
enabled to work out the applications of Chemistry to 
Pharmacy, Metallurgy, Dyeing, Brewing, Iron and Steel, 
and other ManufaAuring Processes. 

Research Word.— Students or others wishing to under- 
take research work in pure or Applied Chemistry will be 
afforded every facility for doing so and may be admitted 
at reduced feee. The Laboratories are fully equipped 
with apparatue and chemicals necessity for such work. 

Courses of Technical Chemistry Lectures are also given 
from time to time on Dyeing and Bleaching, Brewing, 
Plumbing, Gas ManufaAure, and other processes of 
applied Chemistry. 

Pharmaceutical Students are provided with LeAures and 
Laboratory work suitable for the preparation for the 
Minor and Major Examinations. Complete day and 
evening courses in Chemistry, Materia Med ea, and Dis- 
pensing are also held for students preparing for the 
examinations of the Apothecaries* Hall. 

The composition fee for full time in the Chemisiiy 
Department (lector, s an I laboratory) is £6 per term, and 
this fee covers all necessary apparatus and chemicals. 

A composition fee of £6 per term is also charged for 
various complete courses, such as those required for the 
Institute of Chemi»t>y, and for the degree examinations 
of London University. 

Evening Classes.— Evening LeAures and Laboratory 
instruAion will be given in Pure aod Applied Chemistry, 
aod the laboratories are open for praAical work on Tues- 
day and Thursday evenings from 7 to 9. Fee for each 
LeAure Course, 5s. ; for each Laboratory Course, 10s. 

Full information concerning all College Classes is given 
in the College ProspeAus, free from the Registrar. 

THE UNIVERSITY OF SHEFFIELD. 

Professor of Chemistry — W. P. Wynne, D.Sc., P.R.S. 

Lecturer on Physical Chemistry — W. E. S. Turner, 
D.Sc., M.Sc. 

Lecturers and Demonstrators— Vi. J. Jarrard, B.Sc. ; J, 
Kenner, D.Sc., Ph.D. ; C. R. Young, O.B.E., D.Sc., B.Sc 

Temporary Lecturers and Demonstrators— Emily G 
Turner, M.S$. ; Dorothy M. Bennett, M.Sc. ; May Walsh 
M.Sc. 

The Session will commence October and. 

Matriculation Course. — Tuesday and Friday at 9 30, 
Wednesday at 11.30 during Michaelmas and Lent terms. 
Fee. £2 12s. 6d.,and three hours ptr week Laboratory work. 

Candidates tor the Intermediate Extminarion are re- 
quired to sarisfy the Examiners in three of the following 
subjects Pure Mathematics, Applied Mathematic#, 
Pnyrics, Chemistry, Zoology, and Botany. And ihoee for 
the Final Extminatioo in three of the fo!lowing subjects:— 
Pure Mathema ics, Applied Mathemstics, Puysics, Che- 
mistry, Zoology, Botany, Physiology, Geo'ogy, Education, 
Gcogrsphy. 

Intermediate Course in Chemistry for B.Sc. or M.B . , 
Ch.B. or B. Met.— Monday, Wednesday, Thursday, and 
Saturday at a to suq^. Jfj j*., and si hours per week 
Laboratory store during first year. 

5 Sc. Course in Chemistry.— Monday a t 9.30 a.m. and 
Friday at is. 30 p.m. during second yeer, £3 js. ; Wed- 
nesday at 12.30 p.m , during two terms, Monday at 
12.30 p.m. aod Thotsday at ti 30 a*m. t during third year, 
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£3 3s. ; and nine hours per week Laboratory work daring 
second and third years. 

B.Sc. with Honours. — Honours Students in Chemistry, 
after passing the Intermediate Examination, devote the 
whole of their time to the study of Chemistry, and are 
expected to reach the standard for a pass in Chemistry for 
the ordinary degree by the end ol the second year. During 
the second or third year they devote one day a week to 
lectures and practical work in a subsidiary subject — 
Mathematics, Physics, or Metallurgy— selected for the 
degree. The third year is devoted to the advanced study 
of Chemistry, either chiefly Physical and Inorganic or 
chiefly Organic, as the student may select. At least four 
days a week during the second and third years are spent 
in the laboratory. 

M.Sc. — This degree nny be conferred upon a Bachelor 
of Science with Honours who is of one yeai’s standing 
from the date of his graduation as a Bachelor of Science, 
or upon a Bachelor of Science who has either passed 
an examination in an Honours School subsequent to 
graduation, or has for at least one year after graduation 
done research work at the University, and has presented 
a thesis, approved by the Faculty of Pure Science, upon 
the research work done duriag that period. 

Ph,D.— This degree may be conferred on registered 
graduates of the University of Sheffield, or of any ottier 
approved University, who have pursued a course of ad- 
vanced study and research in the University for a period 
of not le*B than two academic years, have presented a 
thesis embodying the result of the research, and have 
been examined orally in matters relevant to the subjed 
of the thesis. 

D.Sc. — The degree of Doctor of Science may be con- 
ferred upon any Master of Science of not less than five 
yeat’s standing from the date of his admission to the 
degree of Bachelor, provided that he has published, in 
recognised journals or transactions, a research or re- 
searches of special merit and approved by the Faculty of 
Pure Science as qualifying him for the degree. 

Laboratory. — Working hours to be arranged between 
Professor and Students. 

Sessional Fees for Day Students : — Three hours per 
week, £3 39. ; Six. £5 58. ; Nine, £7 7s. ; Twelve, £9 9s. ; 
Eighteen, £12 xas. ; Twenty-four, £14 14s. ; Thirty-two, 
£16 i6».; Honour or University Students taking eighteen 
hours or more per week, £12 xas. 

Students joining the Laboratory for one term are 
charged one- half, and for two terms two-thirds of the Fees 
for the whole Session. 

A course of Pradical Chemistry which meets the require- 
ments of candidates for the Diploma of Public Health is 
held during the Michaelmas and Lent terms. Fee, £6 6s. 

An arrangement has been entered into with the Board 
of Education, London, S.W., which will enable Science 
Teachers to work in the Chemical Laboratory for three, 
six, or twelve hours a week on payment of one- quarter 
of the usual fee, the Board being willing to pay the 
remainder under certain conditions, of which full informa- 
tion may be obtained on application to the Registrar of 
the University. 

Evening Classes.— Ledure Class and Laboratory, on 
Thursday evening during the Michaelmas and Lent 
terms. Fee, £1 10s. 

Faculty of Metallurgy. 

Dean and Professor— J. O. Arnold, D.Met., F.R.S. 

Senior Lecturers— F. K. Knowles, B.Met. ; F. Ibbotson, 
B.Met., B.Sc., F. I.C. 

Lecturer — J. H Wreaks, B.Met. 

Demonstrators— L. Aitchison, D.Met., B.Sc.; F. C. 
Thompson, D.Met., B.Sc. 

Lecturer in Non-ferrous Metallurgy— G. B* Brook. 

Demonstrator— F. Orme, M.Met. 

Lecturer in Electro-metallurgy— W . R. Barclay, 
A.M.I.E.E. 

This Faculty has been equipped to meet the require 


ments of the local industries. The Laboratories are fitted 
with the most modern apparatus for metallurgical analy- 
sis, more especially with appliances for the rapid and 
accurate chemical examination of iron and steel, fuel, 
and refradory materials. It also contains a complete 
pyrometric installation, and a laboratory for the study of 
the micrographic analysis of metals fully equipped with 
specially designed microscopes by Ross, pol. siting 
tables, etching appliances, incandescent light for 
evening work, Ac. The Faculty is now most com- 
plete for teaching the pradical raanufadure, the chemical 
constitution, snd the physical properties of steel. Special 
attention is given to the determination of the microscopic 
constituents of steel. Although the chief industry of the 
distrid occupies the central position in the course of in- 
strudion, general metallurgy is dealt with in the Non- 
ferrous Department descitbed below. Students are thus 
enabled to seled and at once enter upon a course of 
scientific metallurgical training of immediate pradical 
utility. They may take up and work through any portions 
of the course, but certificates are granted only to those 
who follow the prescribed courses and pass the necessaiy 
examinations. Ledures on Iron and Steel Manufadure, 
on Fuel and Refradory Materials, and Metallurgical 
Geology. Pradical Metallurgy Laboratory, Furnaces, 
Foundry, and Testing Machine Course; Pradical Course 
of Metallurgy other than Iron and Steel ; Pradical 
Fuel Course for Students in Collieries or Gas Works. 

A ittel works has been ereded in connedion with the 
Sieflhld University at a cost of about £15,000, with a 
most varied and complete plan*. The most recent addition 
to the steel works plant is a 3 cwt. Kje lin indudoa 
furnace worked by a 120 u f. Motor-generator set with 
two-phase current. The Faculty of Metallurgy of 
Sheffield University is " in association ” with the R >yal 
School of Mines for teaching the advanced metallurgy 
of Iron snd Sterl. 

There has been tecenily added to the curriculum Day 
and Evening courses in Kledro-metallurgy and Non- 
ferrous Metallurgy. The Electro-metallurgical Labora- 
tory is completely equipped for the prad cal study of 
every branch of the ait of the E'edro-deposition of metals, 
special attention having, however, been paid-in the 
seledion and arrangement of plant and apparatus— to the 
specific requirements of the Sheffield trades. The plant 
and machinery is thoroughly up-to date in charader. 
Working accommodation is provided for 30 students at 
one time. The course extends over three university 
years. 

The Non feirous Department has been established to 
meet the needs of the lighter Sheffield trades of Silver 
and Eledro-plate, Brass, snd allied industries. It is com- 
pletely equipped for dealing with every phase of the work 
from the raw m terial. The melting shop is fi ted with 
furnaces capable of dealing with casts up to 70 lbs. weight, 
so that commercial pradice can be followed. Two large 
laboratories, the one with 32 places for preparatory 
students, the other with accommodation for 40 advanced 
students, provide the means for the Chemical examina- 
tion of the alloys prepared. A Staff and Post graduate 
research laboratory complete* the provision for the 
chemical side of the woik. The Micrograph c Labora- 
tory is equipped with a complete Zeiss Pnoto-micrographic 
camera, dired driven polishing blocks, and Rots micro- 
scopes. The recalescence laboratory for the estimation 
of temperatures during melting, annealing, 02 other heat 
treatment has a complete pyrometric installation. An 
Arnold and Culver-Glauert Pyrometer permits of readings 
every x° C. up io 1300° C. Facilities are provided for 
observing the thermal changes in vacuo. The Chrono- 
graphic recorder is served by eledric or coke furnaces, 
and the installation may be regarded as the most com- 
plete of its kind. 

Degrees are awarded to successful students in Stetl 
Metallurgy, and Associateships in both Stesl and Non- 
ferrous Metallurgy. 
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UNIVERSITY COLLEGE, READING. 

Ptpfessor of Cktmiitrp~H. Bassett, D.Sc., Pb D.* 
D. It Sc., F.I.Q. 

Lecturer — J. W. OoJgson, B.Sc. 

Assistant Lecturer— Miss Gladys Farnell. B.Sc. 

Professor of Agricultural Chemistry— S. J. M. Auld, 
D.Sc., Ph.D , F.I.C. 

Research Chemist in Dairying — J. Golding, F.I.C. 

Lecturer in Agricultural Chemistry — J. A. Murray, B.Sc. 

The le&urcs and labors ory work are eo arranged at to 
be suitab:e for students preparing fur the London B.Sc. 
(Pars or Honours), or for the College or other Diplomas 
10 Agriculture, Horticulture, or D pitying. Tueie is a 
general courio of Intermediate standard, also another 
suitable for first year ptudents of Agriculture and H »it * 
cultute. In their second* and third years Sc ence students 
attend special le&ures in Inorganic, Organic, and Physical 
Chemistry* while Agricultural students take special 
courses under the Professor of Agticultural Chemistry. 
The laboratories are well equipped for all branches of 
practical wo»k. 

Halls of Residence— (Men) Wantage Hall, St. Patrick's 
Hall; (Women) St. Andre v’s Hall, Wetsex H«U, S\ 
George's Hostel. 

Full details of fees, scholarships, Ac., can he obtained 
from the Registrar. 

UNIVERSITY COLLEGE, DUNDEE. 

University of St. Andrews. 

Professor of Chemistry— Alex. McKensie, M.A., D.Sc., 
Ph.D., F.R.S., F.I.C. 

Lecturer — J. K. Wood, D.Sc. 

Demonstrator — ( V aca 1 » t ) . 

Lecture Assistant and Lab. Steward — J. Foggie. 

The Session consists of three Terms The Martinmas 
Term begins early in October and ends before Christmas ; 
the Candlemas Term begins early in Janu ry and ends 
about the middle of March ; the Whitsunday Term begins 
in the m ddie of April and ends at the end of June. 

Three Courses of Lectures are g ven, each extending 
through all three terms. The General Course, meeting 
four or five days a week (including Tutorial Meetings), is 
intended for beg nners, and qualifies for Graduation 
Examinations in Arts (M.A. General), Science (First 
B.Sc.), and Medicine (First M.B., Ch B ). 

The Special and Honour* Courses, each meeting 
twice or thrice weekly, qualify for Degree Examinations 
in Arts (Special and Honours, respectively), and in Science 
(Final B Sc. on Intermediate and Higher Standard, 
respectively). 

All three are General Courses, including Inorganic, 
Physical, and Organic Chemistry. 

The Laboratories are well equipped, and instruct on ie 
provided for students in Arts, Scence (Pure and Applied), 
Medicine (including Public Health); provision is also 
made for student! desiring to undertake Research. 

UNIVERSITY OF ABERDEEN. 

Chemistry. 

Priftssor — Frederick Soddy, M.A., F.R.S. 

Lecturer— Francis W. Gray, M.A., D.Sc. 

I. General Lecture Course, Systematic Chemistry.- (Daily 
during the Winter Session at 3 p.m). These lectures 
treat of:— (1) The Laws of Chemical Combination and 
the General Principles of Chemistry, including Chemical 
Calculations; (a) the Elements c'assified according to 
the Periodic Law; (3) Organic Chemistry; (4) Applies 
tioos of Chemistry to the Arts and ManufaAures. Two 
written Class Examinations are held. A Tutorial Class 
(without fee) is held in connc&ion with the General 
Le&ore Course. Fees, for first attendance, £4 4s. ; for 
subsequent attendance, £3 3s. 

II. Elementary Practical Course for all Students.— 
(Spring Term). Demonstration on Monday at la noon. 
For practical work the class will be divided into two 
group#; oqe group will mgpt on Tuesday and Thursday, 


and the other on Weimsday and Friday, from 10 a.m. to 
1 p.m. This course is devoted to predict in Chemical 
Methods and in Elementary Qualitative Analye s. The 
inatru&ion is under the direction of the Professor of 
Chemistry and the Staff. One pradcsl examination is 
held at the eod of the courts, namely, the Degree 
Examination, but it mutt be attended by a 1, those not 
sitting the Degree Examination taking it as a C'ass 
Examination. S.ndsnts in a'l faculties are required to 
pass tbit pradical examination aa well aa the written 
examination, as part of the requirements :or the Degree. 
The pradical course should be taken, whenever possible, 
concurrently with the Systematic course. Fee, £3 34. 
Thi* fee includes the necessary apparatus and arpliance*, 
w th ceiUin exceptions such as platinum-foil and wire. 

Scheme of Lecture Courses for the B.Sc. Detree in 

Chemistry (subsequent to Courses I. and II.). 

III. Lcdure courses in Oiganic, Inorganic. and Physical 
Chemistry are given by the Professor and Ledurers as 
the exigencies of the times allow. Tbs following arrange- 
ment i* given as liable to altera* ion : — 

(а) Introdudory Course of 30 led u res, mainly on some 
modern lines of advance in Physical Chemistry, by the 
Professor, three days weekly at noon in the Summer 
Seat too. Fee, £1 as. 

(б) A combined course of Physical and Inorganic 
Chemistry of about 80 ledures by Dr. Gray, two days 
weekly at 0000 in Summer Session, three days meekly in 
Winter Session, at noon in the First and at 3 p.m. in the 
Second Term. Fee. £3 3s. 

(c) A course of 50 lectures in Organic Chemist™ in 
Win er Session, three days weekly at noon in the First 
and two days weekly at 3 p.m. in the Seoond Term. 

£3 3*- 

IV. Chemical Laboratory . — The Laboratory ia open 
daily from 9 a.m. to 5 p.m. Each student on entering is 
allowed tu arrange hte hours of work so as to suit bis own 
convenience, but must adhere to these hours when once 
fixed. The aim of the Laboratory Courses is to train the 
student in the pradical methods of the science, eo as to 
enable him to c?nJad chemical analysis and original re- 
tea ch, and to apply chemistry to the arts and manufac- 
tures. Weekly Demonstiations, attendance on which is 
compulsory, are held in connedion with the Laboratory 
Courses. (For further information as to fees and other 
conditions, ere ** University Fees "). 

Research.— The Laboratory is open for original work 
during both the Summer and Winter Sessions. 

University of Aserdeen and Aberdeen and North of 
Scotland Colleoe of Agriculture. 

Agticultural Chemistry and Forest Chemistry. 

Professor — J amss Hendrick, B.Sc., F.I.C. 

Assistant — (Vacant). 

I. A Preparatory Course in General Chemieuy in- 
cluding Organic Chemistry is given for those who are 
unable to take the full University Course. Tbs course 
in Inorganic Chemistry consists of about sixty Lednres 
with Practical Work (seven boors weekly) during the 
Winter 8eesion. The course deals with the general 
principles of Chemistry, end with those puts of Inorganic 
Chemistry which are of more immediate concern to 
•todente of Agricultural Chamistry. The Practical Work 
goes along with and illustrates the Lectures. Fee, £4 4s. 

The coarse in Organic Chemistry consists of aboet thirty 
Lectures, and about thirty hours practical work, nod ia 
given during the Summer Session. It dials especially 
with those parts of the subject which are directly related 
to Agricultural Chcmiatiy. Fee, £2 aa. 

II. Agricultural Chemistry (General Course).— This 
class meets daily during the Winter Session, sod t res 
times a week daring the Summer Session, and includes 
ho h Lectures and Laboratory Work. Tbt Lectures dsal 
with ths Chemistry of the Atmosphere, the Soil, Manures, 
Foods, Piescrvatives, Insecticides ,&c. The Pnysioldfical 
Chemistry of Plants and Animals, the Composition and 
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M.*nurial Requirement* of Ctopa, and Dai«y Chemistry are 
also treated of. The Labora’ory Wotk is primarily in- 
tended to accompany and illustrate the Lectures. Exer- 
cises dealing with the propeitiee and composition of Soils, 
Manures, Fceding-stuffs and Waters, and with the impuri- 
ties and adulterations of these, occupy much of the time 
given to Practical Wo k. The fie for the whole Course 
(Lectures and Practical Work) is £4 4s. 

III. Forest Chemistry ( General Course) —Students in 
Forestry take the greater part oi the General Lecture 
Course in Agricultural Chemistry, wi-.h special lectures on 
•the Chemistry of Timber and Forest Prod-C’B. The 
early part of the Laboratory Work is the same a« in the 
case of A#ricul ural Students, but the la ter part is occupied 
with special exercises on Forest Products. Fee, £4 4s. 

IV. Laboratory,— A Summer Course in Practical Che- 
mis'ry is given to prepare students who have not pre- 
viously done sufficient laboratory work for the course in 
Agricultural Chemistry or Forest Chemistry. Fee, £2 28 

V. The Laboratory is open daily from q a.m. to 5 p.m. 
for students who wish to study the principle* and practice 
of Agricultural Chemistry or Forest Chemistry, or to 
undertake research in these subjects. 

The fees mentioned above are subject to reduflion in 
the case of students from counties and burghs within the 
College area, and there are a number of buraarics, some 
grantel by local authorities and some by the University, 
open to studcn'.s. 

UNIVERSITY OF EDINBURGH. 
Department of Chemistry. 

Profess tr — J ames Walker. LL.D., D.Sc,, Ph.D., F.R.S. 
Lecturers — L. Dobbin, Ph.D. ; A. C. Cumming, D.Sc. ; 
J. E. Mackenzie, Ph.D.; S. A. Kay, D.Sc. ; H. G. Rule, 
D.Sc., Pn.D. ; A. M. Wil iams, M A„ D Sc. ; D. Ba’siMe, 
B.Sc., and Demonstrators. 

The three working terms are each of ten weeks’ duration, 
viz Autumn term, October to December; Spring term, 
January to Match ; Summer term, Apiil to June. 

Lecture Courses,— During the Winter Session a General 
Course of Chemistry for medical students is given. The 
class meets daily ; fee, £4 4s. The Fust Course for Arts 
and Science students mceta three times a week throughout 
the year ; fee, £4 49. The Second Course is given on 
Organic, Advanced Inorganic, and Physical Chemistry. 
The cUbb meets three times a week throughout the year; 
fee, £4 4s. Tutorial Classes are held in connection with 
the First and Second Courses. AH Arts and Sc ence 
Classes are open to Women S'.udents. 

In addition to the above, Advanced Ledure Courses are 
given on particular branches of Physical, Organic, and 
Inorganic Chemistry. 

Laboratories,— Pradical classes for Medical Students 
meet during the Winter Session and in the Summer Session. 
(Fee, £3 3s.). The Elrmentiry Laboratory course for 
Arts and Science studen s is held for four l;ou r s per week 
during the year. Fee. £4 49. The advanced laboratories 
for Svience and Aits Stude .ts engaged in analytical and 
advanced pradical work are open daily from 9.30 till 4.30. 
Fees: Whole Day— Year, £16 i6s. ; one term, £6 6s. 
Half Day— Year, £8 8s. ; one term £3 3s. Full Courses 
of instru&ion are given in Analytical, Practical Organic 
and Inorganic Chemistry (including Gas Analysis, Physico- 
chemical Measurements, and Assaying). Facilities are 
afforded to advanced students who desire to undertake 
chemical investigations. 

Various prizes and scholarships are attached to the 
laboratory and general class. 

Graduation. — Two Degrees in Pure Science are con- 
ferred, viz., Bachelor of Science (B.Sc.) and Doctor of 
Science (D.Sc.). 

Candidates for Degrees in Science, if not graduates (by 
examination) in Arts in one of the Universities of the 
United Kingdom or in a Colonial or Foreign University 
recognised for the purpose by the University Court, must 
pass a preliminary examination in (1) English ; (2) Latin, 
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Greek, Freneh, or German ; (3) Mathematics ; (4) One of 
the languages Latin, Greek, French, German, Italian, not 
already taken under (2), or Dynamics. In the case of a 
student whose native language is other than European, 
the Senatus may, at the Preliminary Examination, accept 
such language as a substitute for a modern European 
language. The Senatus may also in such a case accept 
as an alternative to Latin or Greek any other classical 
language, such as Sanscrit or Arabic. 

The First B.Sc. Examination embraces Mathematics, or 
Biology (i./., Zoology and Botany), Natural Philosophy, aod 
Chemistry. The Final B. Sc. Examination in Pure S tence 
includes any three or more of the following subjects : — 
Mathematics, Natural Philosophy, Astronomy, Chemistry, 
Human Anatomy (including Anthropology), Physiology, 
Geology (including Mineralogy), Zbology (including Com- 
parative Anatomy), and Botany (including Vegetable Phy- 
siology). In the Final Examination two written papers 
are set in each subjed professed, the second of a higher 
standard than the first. Candidates must pass the first 
sedion in all, and the second sedion in at least one, of the 
subjeds professed; the same regulations apply also to the 
Pradical and Oral Examinations. Chemistry in this ex* 
amination embraces Inorganic Chemistry, Organic Chemis- 
try, and Physical Chemistry. Pradical Examination : — 
Complex Qualitative Analysis ; Preparations ; Gravi- 
metric and Volumetric Analysis ; Testing of Organic 
Substances. Each candida'e taking the higher standard 
will also be examined on Ultimate Organic Analysis ; Gas 
Analysis; and Physico-chemical Measurements. 

A candidate for the D.Sc. Degree must submit a thesis 
on original work done by him. The Thesis must bs 
approved before the candidate is allowed to proceed to 
Examination. 

HERIOT-WATT COLLEGE, EDINBURGH. 

Principal — A. P. Laurie, M.A., D.Sc., F.R.S E. 

Staff.— A. Aichibald B.ion, F.I C., D.Sc., B.A. (Head of 
Department); Andrew King, M A , F.I.C. ; J. Campbell 
Smith, B.Sc. ; and Assistants. 

The curriculum of this College comprises both Day 
and Evening Classes, each department providing the 
higher general and technical education. 

There is an extensive range of Chemistry Laboratories, 
em w o lying he most modern developments in laboratory 
design and equipment, and including a complete 
plant for the produdion of liquid a r. The Chemistry 
Courses a*e designed to meet the requiremeo*s of 
Analytical and Technical Chemi-t*. The College is a 
recognised tra ning centre for the examinations of tha 
Insti ute of Chemistry, and students can obtain the 
necessary instruction in General Chemistry, and also the 
specialised ins’rutiion required for the Final Examination 
for the Associateship of the Institute in the departments 
of Organic Chemistry, Metallurgy, Fools and Drags, and 
Bi > chemistry. 

The course for the Diploma of the College has been 
laid down on the same general lines as that required for 
the examinations vt the Institute of Chemistry. 

The Chemistry Courses are recognised by the University 
of Edinburgh as qua ifying courses for the B Sc. degree. 

Evening Classes are aUo provided in the subjeds of 
Matena Medics and Botany. 

There is also a Laboratoiy for the study of the Technical 
Mycology of Brewing, Drilling, Yeast Manufa&ure, 
Mel'ing, Butter, Margarine, and Cheese ManuTadure, 
Agriculture, Starch, Sugar, Preserve Making, &c. In this 
laboratory provis on is made for the teaching of Biology, 
and tha microscopic examination of Foods and Drugs, in 
connedion with tha examinations of the Institute of 
Chemistry. 

Day Classes open on Odober 8th, and the Evening 
Classes on September tCth. 

Matriculation Fee, 5s.; Composition Fees from £15 13s. 
10 21 gu neas per annum. Full paiticulars are published 
in the Calendar of the College, issued early in September. 
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THE ROYAL TECHNICAL COLLEGE, GLASGOW. 

Professor of Chemistry— G. G. Henderson, D.Sc., M.A., 
LL.D., F.R.S., F.l C. _ „ 

Professor of Technital Chemistry— T. Gray, D.Se., 
Pb.D., F.I.C. 

Lecturer on Dyeing — A. B. Steven, B.Sc. 

Lecturer on Sugar Manufacture— T. H. P. Heriot, 

PCS* 

Professor oj Metallurgy — C. H. Desch, D.Sc*, Pta.D , 
F.l C. 

Alto, Professors and Ledurers in the other leading 
branches of Pure and Applied Science and Technology. 
Session opens September 34th, 1918. 

The main objed of this College is to afford a smt 
able education to those who wish to qualify themselves 
for following an industrial profession or trade. It was 
Ibuoded by an Order in Council, dated November 26th, 
1886, according to a scheme framed by the Commissioners 
appointed under the provisions of the Educational 
Endowments (Scotland) Ad, whereby Anderson's College 
(established 1796), the Young Chair of Technical Chemis- 
try in connexion with Anderson’s College, the College of 
Science and Arts, Allan Glen’s Institution, *nd the Atkinson 
Institution were placed under the management of one 
governing body. 

The Diploma of the College is awarded to Day Students 
who have attended prescribed courses of instruction and 
passed the necessary examinations. The ordinary courses 
extend over three years, but arrangements are made for 
advanced students continuing their studies in special 
departments. The diploma course in Cheuiiairy extends 
over four years. 

Students who have matiic lated at th« University of 
GUs.ow can qualify for the degree of B.Sc. in App'ied 
Science by a tendance on the Day Clasee« of the Col ege. 

Complete courses of instrudion are provided in both 
Day and Evening Classes. 

Copies of the Calendar for 1918-1919 may be had from 
the Di ecto% Mr. H. F. Stockdale, ; price by post, is 4d. 
Prospeduses will be sent ftee. 

UNIVERSITY OF ST. ANDREWS. 

United College or St. Salvatoe and St. Leonard 
Professor of Chemistry— James C. Iivin , Ph.D., D Sc . 
F.R.S. 

Reader »• Organic Chemistry — W. N. Ilawjilh, 
D.Sc.. Ph.D. 

Assistants — Geo. Robertson, M.A.; B Sc.; E. S. Steele. 
M.A., B.Sc.; Grace C. Lei ch, M.A., B Sc. ; Helen 
G lehr st, B Sc. 

The Session begins on Odober 8th. A Competitive 
Examination, open to intending S udents of Arts, 
Science, and Medicine, for aiout thirty-six Bursaries, 
ranging in value from £50 to £10 each per annum, is held 
annually in June. (For 1919 eotr e » arc doe May 20 h) 
One of these is ope 1 to Men 1 r W^men, and fifteen are 
r« at tided to Women, nine of the latter being intended for 
women who at the conclusion of their Aits or Science 
Couise will proceed to Medicine. The remainder are 
open to men only. 

A Hall of Residence is provided for Women Students. 
Two Degrees in Science are conferred by the University 
of Sl Andrews, vir.. Bachelor of Science (B.Sc.) and 
Dodor of Science (D.Sc.), and Chemistry it also included 
in the curriculum for the M.A. Degree, and the M.B., 
Ch B. Degrees. ; the regulations will be found in the 
M University Calendar.” 

Lecture Courses . 

Three distind Courses of Ledums are given, each 
extending over the thiee teims of the aca em c year. 

first Year's Course.— This Class meets at 11 o'clock 
on fivt days in the week. The introdudory ledures 
mat of the Nature of Chemical Adion, the Classification 
of Substances into Elements and Compounds, ths Phe- 
nomena of Oxidation, and the Composition of Air and 


Water. The Laws of Chemical Combination and the 
Atomic Theory are next discussed, after which the more 
commonly occurring elements and inorganic compounds 
are described systematically. Elementary O.ganic Che- 
mistry is also included in the Course. 

Special attention is given to those parts of the science 
which are of general educational value, and as much of 
the theory of chemistry is introduced as is compatible with 
elementary treatment. 

This course of instrudion is intended to meet the re- 
quirements 01 the M.A., Fust Science, and M.B., Ch.B. 
Exams., so far as Theoretical Chemistry is concerned. 

Second Year's Course. — The first part of the Course 
is devoted to Organic Chemistry, and the second pan 10 
Genet al and Physical Chemistry, the instrudion in general 
being such as is required for the Final Science Exam, on 
the Lower Standard and the Spec al Exam, for the 
M.A. Degree. 

Th rd Year's Course,— Short court? s of ledures on 
selec.ed topics are given to Students pieparing for the 
B.Sc. on the Higher Spaniard or the M.A. Degree with 
Honour*. 

Certificates are awarded on the results of examinations, 
and the ” Forrester Prise” of about £10 is awarded to 
the best Student of the year. 

Fee for the Session, for each Course, £4 4s. 

Practical Chemistry. 

The Laboratory it open daily from 9 a.m. to 4 
p.m., except on Saturdays, when it is closed at 1 
p.m. The work pursued in the Laboratory comprises : — 
(1) The performance of experiments illustrative of the 
Principles of Inorganic and Organic Chemistry ; (2) Quali- 
tative and Quantitat ve Analysis; (3) Practical Ph) steal 
Cnemistry. Each student pursues an independent course 
of study under the supervision of the Processor or Demon- 
strator, the nature of the work varying with the pro- 
ficiency of the stude it and the particular objrd he may 
have in view. Suit ible courses of instrudion in Pradical 
Chemistry are provided for candidates for the Exams, in 
Arts. S.ience. and Med c ns. 

The fee for ihe Otdinay C >ur?e of Pradical Chemistry 
is £1 1%, and lor the Advanced Course £10 10s. 

Original Research. 

A special Resea c i Dcpirtmrm h *s been in sti ute I by 
the Um\er»iiy, the laborator e> of which are open to 
students who give proof of their capacity to conded 
original investigation. G aduates of other Univer.i ies 
who spend two years in the laboratory as Research 
Students are el g ble lor the D.Sc. degree of the Uu. verity, 
and special chem cals and apparatus are proviJed frre of 
charge. Graduate wotkers can also qualify for the Berry, 
1831 Exhib tion, and Carnegie R sea r ch S.hotarshipa or 
Fellowships. 

Students may work either independently or in col- 
labjration wiih the Professor, to whom a 1 comm men- 
tions should be addressed. 

QUEEN S UNIVERSITY, BELFAST. 

Lectures in Inorganic Chem > s', ty — R. Wright, D.Sc., Ac. 
Lecturer in Organic Chemistry (ading us Pio rssor of 
C'lemiatrt ) — A. KHen Macbeth, M A., D.Sc., F.I.C , Ac. 

I. — Chemistry. — The ledures are delivered at 12 oM ck 
on the first five days of each week, and term nate about 
the end of March. The course em >races the e eraenta ol 
Phys cal, Inorganic, and Organic Chemistry. Fee, £3 3-. 

11 — Advanced Chemistry. — Inorganic and Organic. 
The ledures a e given at such da/* and hours as suit tha 
convenience « f tne elate. Fee. ^33*. 

III. — Practical Chemistry . — In this course the Students 
are inairuded in the general methods of Qoalitat ve 
and Q laiuiiati e Analysis, Inorganic preparat on* Ac. 
I h? clast is held on four days in the week during the 
ie ond term for two ho . rs each day. Fee, £4 4s. 

i X . — Practical Chtmistry for Engineering Students.— 
A special couise is given diring the first term. Fee, 

£3 3*. 
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V. — Laboratory Pupils. — The Chemical Laborator es 
are open from the second week in October to the beginning 
of July, on the first five days of the week, from io a.m. 
— 5 p.m. (except during the vacations). Students are 
admitted as working pupils on payment of a fee of £$ 38. 
per term. Facilities are prov ded for Students who wish 
to undertake research work. 

Scholarships.— The following College Scholarships are 
awarded specially in connexion with the schools of 
Chemistry and Physics :— Post Graduate Scholarships in 
Chemistry alone awarded annually of £50, and tenable for 
one year. Andrew.s Studentship in Chemistry and 
Pnysics, value about £73 annually, and tenable for two 
years. 1851 Exhibition Scholarships: One of these 
Scholarships has hitherto been placed at the disposal of 
the College every two years, of the annual value of £150, 
tenable for two or under special conditions for three years, 
and also one of the Industrial Bursaries* 

UNIVERSITY COLLEGE, CORK. 

A Constituent College op the National University 
of Ireland. 

Professor — Augustus Edward t)ixon, M.D. 

Assistant Lecturer— John Taylor, M.Sc. 

Demonstrators — R. T. J. Kennedy, B Sc. ; T. A. Conroy, 
M.A. 

The College Session will commence in Odober, 1918, 
and end in June, 1919. All classes are open to male and 
to female students. 

The following courr es are provided : — 

1. First Year Course for B. Sc.— General and Elementary 
Pnys cal Chemistry, Inorganic Chemistry, introdudory 
Organic Chemistry, Pradical Chemistry. 

2. Second Year Course for B. Sc.— Advanced Inorganic 
Chemistry, Advanced Organic Chemistry, Pradical 
Chemistry. 

3. Third Year Course for B. Sc.— Physical Cbem'stry, 
Advanced Oiganic Chemistry, Pradical Chemistry. 

4. Courses in Systematic and in Pradical Chemistry 
for aiudents of Medicine proceeding to the Degrees of the 
Univeisity, or to the Examinations of the Medical 
Licensing Bjd esof Dublin and oi Edinburgh. 

5. Courses in Systematic and in Pradicil Chemistry for 
S udents of Engineering. 

6. Laboratory Pradical Course for the Diploma in 
Public Health. 

Full particulars as to Ledums, Fees, Scholarships, 
Exhibitions, &c„ are contained in the Regulations ex- 
traded from >he College Calendar, which will be supplied 
on application to the Registrar. 

NATIONAL UNIVERSITY OF IRELAND. 

University College, Galway. 

Professor — (Vacan*). 

Demonstrators— Miss R. Clarke, B.A , D.Sc., F.I.C., 
and P. II. Gallagh r, M.Sc. 

The Session commences in Odober and ends in June. 

Faculty of Science.— 1. First Year's Courses.— Labora- 
tory : Inorganic preparations, simple quantitative and 
simple qualitative determinations. L-dures: A study 
of the chief nor-metallic elements, their readions and 
compounds, the molecular and atomic hypotheses, the 
leading metals, and an elementary consideration of the 
constitution and readions of typical hormathic and 
cyclic compounds. 2. Second Year's Courses . — Labora- 
tory : Organic preparations, complex qualitative and 
quantitative inorganic determ nations. Ledures: Ad- 
vanced inorganic and organic chemistry. 3. Third Year's 
Courses — Laboratory : Qualitative and quantitative 
organic determinations, molecular weight determinations, 
git analysis, thermo-eledro and photochemical and 
other physical determinations. Ledures : General, 
physical, inorganic, and organx chemistiy, a detailed 
study of special branches, and the historical development 
Of chemistry. 
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Faculty of Arts.— First Year's Course. — Same as 
Faculty of Science. 

Faculty of Medicine.— First Year's Cou rses.— Labora- 
tory : Same as in Faculty of Science, but less detailed, 
and including the detedion of the chief alkaloids, gluco- 
sides, and caibobydratet. Ledures : Same as in Faculty 
of Science, fir#t year. 

Faculty of Engineering.— First Year's Courses. -Labora- 
tory : Same as in Faculty of Science, but less detailed, 
and including a special study of metals, alloys, and other 
materials uteJ in building construdioo, also determina- 
tion of hardness in waters. Ledures : Same as in 
the Faculty of Science, but not including organic 
chemstry. 

Chemistry is one of the subjeds required for numerous 
{Scholarships in the Faculties of Science, Medicine, and 
Engineering. The Royal Commisaioners for the Exhibi- 
tion of 1851 offer every two years a Science Research 
Scholarship of £150 per annum. This Scholarship has 
already been held by six Chemistry Students of thia 
College. 

For deta : ls ss to Fees, Regulations as to Scholarships, 
and other particulars apply to O'Gorman and Co., Galway. 

ROYAL COLLEGE OF SCIENCE, DUBLIN. 

The Royal College of Science supplies, as far as pradic- 
able, a complete course of instrudion in Science applicable 
to the Industrial Arts, and is intended also to aid in the 
instrudion of teachers fjr the Schools of Science. 

Diplomas are awarded in the Faculties of Engineering 
(Mechanical and Eledrical), Applied C iemi.iry, and Agri- 
culture. If accompanied by a certificate from the Piofessor 
of Chemistry, the Diploma of Associate of the Royal Col- 
lege of Science in the Faculty of Applied Chem stry is 
recognised by the Council of the Institute of Chemistry 
of Great Britain and Ireland as qualifying candidates 
for admission to the final pradical examinations of the 
Institute. 

Theinstrudion in Chemical Science includes (1) General 
Inorganic Chemistry, Elementary and Ad vance J ; (2) 
Organic Chemistry, Elementary and Advanced; (3) 
Analytical and Experimental Chemistry; (4) Physical 
Chemistry; (5) Metallurgical and Technolog cal Chemis- 
try and Assaying ; (6) Instruction in Chemical 

Research. 

Fees payable by Non-Associate Students £2 for each 
separate Course of Ledures. For Analytical Chemistry 
and Research — £5 for three months ; £g for six months ; 
£12 for the entire session. Assaying— ^5 for three 
months ; £9 for six months. £12 for the entire session. 

There are six Royal Scholarships of the value of £50 
each yearly, with Free Education, including Laboratory 
Instrudion, tenable for ti.ree years; two become vacant 
each year ; they are awarded on the results of their 
examinations to Associate Students, not being Royal 
Exhibitioners, who have been a year in the College. 

A limited nunuer of Entrance Scl;olarthi f )sani t eacher- 
ships-in-Training in Science and Technology are com- 
peted for each year. These Scholai ahips are of the value of 
£$> a year for four years, and, in addition, entitle the holder 
to free instrudion during the full Associateship Course. 

For further particulars apply to the Regis. rar. 


PROFESSIONAL CHEMICAL QUALIFICATION 

(F.I.C. AND A.I.C.), 

The Institute of Chemistry of Great Britain and 
Ireland.— The Institute of Chem >try was founded in 
Odober, 1877, incorporated by Royal Charter in June, 
1883, to maintain the efficiency and integrity of the pid- 
feesion of Chemistry, including professional cousuhing and 
technological chemists, public analysts, and chemical 
advisers. 

The Studentship. — Every Candidate for regis’ra- 
tion as a Student is required to produce evidence that he is 
at least seventeen years of age, and that he has passed an 
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approved Preliminary Examination or otherwise satisfied 
the Council as to the standard of his general education. 
He mast also show that, at the time of making application 
for registration, he is working at a College or University 
recognised by the Council, or under the direction of a 
Fellow of the Institute in an approved laboratory or woiks. 

The Cand-dates for the Ass jciateshlp 

are required to produce evidence of having passed an 
approved preliminary examination and of having under- 
gone four years systematic training, or the equivalent, in 
chemistry, physics, and all ed sciences. Admission by 
examination is granted to candidates who have been 
trained, in accordance with the regulations, in a recognised 
University or College, or partly in such Institution and 
under Fellows of the Institute in laboratories or works 
The Council will a’so consider specially and on their 
merits the cases of candidates who have be?n engaged in 
the study and praAice of chemistry tor at least ten years. 

The Examination comprise*, in addition to a general 
knowledge of all branches of chemistry, a thorough know- 
ledge of one branch— Mineral cneinistry ; metallurgical 
chemistry; physical chemistry; organic chemistry; 
chemistry (including microscopy) ol food and diugt, 
fertilisers and feeding-stuffs, soil*, and water; biological 
chemistry ; or chemical technology. Candidates are re- 

a ttired to translate foreign technological literature, w th 
bo aid of diAionariet. Candidates taking the food and 
drags seAion must take a course in botany, and those 
taking biological chemistry a cour>e in biology. 

Admission to the Associatesh'p without examination 
may be granted to candidates who have obained cert tin 
University degiees with fir»t or second class honours in 
chemistry, or other specially recogniaed diplt mas ; and 
in eaceptional casts to candidates who have o h-nvire 
complied with the conditions of the Charter w«ti» rega d to 
age, general education, scientific train ng, experience, Ac. 

The Fellowship,— Adnmsio 1 to the Fellowship is open 
to Associates of three years standing by examinuion 01 by 
iatisfying the Council that th«y have carried cut otigmil 
research, or have devised processes or inventions, or that 
they are poese»sed of knowledge and ability of suffic en ly 
high order to warrant their exemption from furtner ex- 
amination. In special c«ses candidates other than 
Associates, who have been systematically trained and have 
had considerable experience, may be examined for the 
Fellowship wii bout passing tbiough the gr~deof Assoc ate- 
•hip. In exceptional circumstances candidates who have 
beeo systematically trained and have bad considctable 
experience, aod have obtained positions of responsibility, 
may be eleAed to the Fellowship without examination. 

Full particulars are given in '* The Bo*»k of Regula- 
tions for the Admission of Students, Associates, and 
Fellows," which may be obtained (gratia) from the 
Registrar, 30, Russell Squaie, London, W.C. 1. Past 
Examination Papers, Annual Srs, 6d. each. 


CHEMICAL LECTURES, CLASSES, AND 
LAB0RAT0RY__1NSTRUCTI0N. 

City and Guilds op London Institute— The In- 
stitute was founded in 1878. incorporated un er the Com- 
panies A As in 1880, and received the grant of a Royal 
Charter by Her late Majesty Queen ViAoria in 1900. It 
is an association of the Corporation and Livery Com- 
panies of the City of London, instituted " for the purposes of 
all such branches of Science and tha Fine Arts as benefit 
or are of use to, or may benefit or be of use to, produAive 
and technical industries eape.ia ly, and to commerce and 
industry generally or any bran h thereof, ard for the 
uti'isatton of such means a* will promote the several 
exclusive purposes aforesaid." The operations of the In- 
stitute are divided broadly into four branches:— (1) The 
City and Guilds (Engineering) College, (2) she City and 
Guilds Technical College. Finsbury. (3) the City aod 
Guilds South London Technical \rt School, and (4) the 


Department of Techro'ogy of the Institute. Tki City 
and Guilds (Engineering) College, Exhibition Road , S. IF. 
forms the Engineering SeAion of the Impe'ial College of 
Science and Technology, aod is conduAed by a Delegacy 
tepreseming the Imperial College, the City aod Guilds of 
London Institute, and t e Goldsmiths’ Company. The 
College wai included ss a School of the University of 
London in the Faculty of Engineering in 1898. The 
coutses of in-t uAion cover a period or three yeate, and 
are in Civil and Media* ica! Engineer ng, and in EleArical 
Engineering. They commence once a year in OA >ber, 
»fter the Matriculation or Entrance Examination of the 
College, and necessitate attendance thioug 1 the Session. 
The age of admiasioo is over 16 yea s. The fee fur 
mat iculated studente attend ng a diploma course ie £38 
a session, if paid in advance. The City and Guilds 
Technical College, Finsbury . p ov des courses of instruAion 
n Civil. Mechanical, and EleArical Engineering, and 
Applied Chemistry. The course* of instruAion and the 
p aAical work in the laboratoriei and workshops are 
ar.aoged solely with theobjeA of providing a training on 
b.oad, prsAical, and scientific principle*, m those matters 
which experience has shown beat to fit a student to enter 
*oroe one of the many careers conneAed with Civil, 
Mechanical, EleArical, or Chemical Industries or pro- 
fessions. The age of admission is 15 years. There is an 
entrance examination once a year, in September, and the 
fee for the Session is £ 20 if paid in advance. The objeA 
of the Institute’s Department of Technology . Exhibition 
Road, 5 . IF., is the registration and inspeAion of classes 
in all branches of Technology, Domestic SubjeAs, and in 
Manutl Training, and the holding of annual examina- 
tions in the subjeAs taught in such classes thronghout 
the country and in the Colonies. The Programme of the 
Department, including regulations for registratioa and 
inspeAion, and for the award of I eachers’ Certificates in 
M«nual Training and Domestic SubjeAs with Syllabus 
o* SubjeAs, Ac., published by Mr. John Murray, Albemarle 
Street. London, and is obtainable through any bookseller. 

City of London College, White Streer, Moorfields.— 
A. W. B-in, B. A., B.Sc., F. I.C., and Assistants. Classes 
and Laboratory PtaAice in Chemistry, open to Students 
of both sexes. Ct ur e* on Commercial Produ A Milling 
(F oji), Tea, Textiles Session commences S-pt. 30. 

Battersea Polytechnic.— Principal, F. H. Newman, 
M.A., Ph.D. Inorganic, Organic, and Technological 
Chemistry. John Wilson, M.Sc. (ViA.), F.I C. (Head ot 
Chemical Department!, and Assistants. Complete three 
or four years' day diploma courses 01 InstruAion are given 
in Chemiaiiy (Inorganic and Organic), together with 
Physics, Mathematics, and Engmeeiing subjeAs, Ac., Lr 
intending technological* aod woiks chemists. Certain of 
the Couiaes(Day and Evenirg) are recognised by the Uni- 
versity of London in preparation for the B.Sc., for which 
examinations (Pass and Honours) complete courses of 
nstruAion, under recognised teachers, are provided. 
Special Evening Courses (theoretical and praAtctl) in 
various Technical subjtAs, at Coal-tar Colours. Applied 
BaAeiology, Food and D ug Analysis, Pharmacy aod 
D spensing, Materia Medics, Paper Testing, Oils and 
Fats, aod Gas Analysis. Special day and evening 
courm sfor the examination oi the Institute of Chemist y, 
ihe Pharmaceutical Society, th** Apothecaries’ Hall, and 
the Conjoint Medical Board. For fuither to‘orma<on see 
the Polytechnic Calendar. an abridged copy of which may 
be obtained gratis from the Secretary of ti e Polytechnic. 

Borouoh Polytechnic Institute, Borough Road* 
S E. — Chemistiy Departm nt under the direA'on of 
C. Doid;, M.A., D.Sc. Evening LeAures and Laboratory 
Woik in Inorganic and Organic Chemistry. Special 
LcAures and Laboratory Courses in EleAro-cbem'cal 
Anal) sis, and the Che i.ittry and Technology of the 
Essential O It. Special Courses of LeAures on various 
Technic *1 subjeAs. (For further information see Institute 
S> llabu*). 
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Birkbeck College, Breams Buildings, Chancery 
Lane. — Chemistry Courses conduced by G. Sector, 
D.Sc., Ph.D. (assisted by F. Ba>row t M Sc., Ellen 
Field, MSc., and Mabel G. Barrett, B.Sc.), pre- 
pare for various Examinations, the B.Sc. and M.B. 
Degrees of the London University, Conjoint B »aid, 
Pharmaceutical Examinations. Bond of Education, Ac. 
The S ssion will commence on Monday, Sept. 24. The 
Day and Evening courses of study include Chemistry, 
Physics, B itany, Zoology, Geology, Mathematics, Latin, 
Greek, Modern Languages. Economics, Geography, Logic, 
Hiet« ry, and various branches of Law. All the Courses 
are conducted by recognised teachers of the University 
and provide fpr the Examinations of the University of 
London. The Calendar supplies detailed information re- 
spect ng the Courses of Study, Examinations, Ac. 

Northern Polytechnic Institute, Holloway, London, 
N. — Principal, R. S. Clay, IXSc. Instrudi n in theoretical 
and pradical In >rgan*c and Organic Chemistry. Syste- 
matic Day and Evening Courses for the London University 
Degrees, Pass and Honours, also for the Board o 
Education examinations. P. otpedus sent free on applies- 
tion to the Secretary. 

Northampton Polytechnic Institute, S . John 
Stieet, E C. 1.— Principal, R Mullincux Walmsley, D.Sc., 
Ac. Day Courses in Eledro-chenvstiy and Erg ne ring 
Ct.emistiy, ani evening classe« in E'edro chemistry, 
Eledro- plating, Engineering Cremittry, E edro metal 
lurgy, Elediotyping, Steieotyping, and Metal Colouring. 
(For full details see Proipedu*). Te'ephone, Holbo n 
1194. 

South Western Polytechnic Institute Manrcsa 
Road, Chelsea. — This Institute offers fsciliti s for 
academic and technical educa’ion in many branches of 
Chemistry and Metallurgy. The d -partmr nt has designed 
both day and evening cou ses to meet the many require- 
ments of these professions in London. Complete 
courses in General Chen istry, Metallurgy, and Assay- 
ing requisite for the B.Sc. and A I.C. Exam nations. 
Ample opportunity for individual work has been arranged 
for both day and tvening students. A full li -t of these 
courses w II be supplied on application. A 'eature of the 
laboratory wo k is the facility given for specialising in 
any pai ticular branch of the above su' jeds, thus supplying 
a much needed want to men who have neither the time 
nor necessity for attend ng a degree course. The various 
ledurer* will be plea ed to advise intend ng students with 
regard to seledion of courses. The department is under 
the control of J. B. Coleman. A.R.C.S., F.I.C., F.C.S, 
and the aim of the Institute is to make its courses of 
round pradical use to those engaged in Chemical In- 
dustries. Further paiticulars tespeding the cours s can 
be obtained from ths Secretaiy (Room 79). 

East London College, Mile End Road.— Chemistry : 
Professor, J. T. Hewitt, M.A., D.Sc., Ph.D., F.R.S. 

Sir John Cass Technical Institute, J wry Street, 
Aldgate.— Princ’pal, Charles A. Keane, D.Sc., Ph.D.. Ac., 
assisted by F. J Harlow, A.R.C.S., B.Sc , H. J. S. Sand, 
D.Sc., Ph.D., H. V. A. Briscoe D.Sc., A.R.C.S , Ac.. 
Arthur R. L ; ng, F.I.C., C. O. Bannister, A.R.SM , 
M.I.M.M., G Pitdiin A.R.S.M., Arthur H uden, D.Sc., 
F R S , Ac., J. 8. S. Brame, E. C. Snow, M.A., D.Sc., E. H. 
Bcote. The new Sess on of the Sir J >hn Cass Technical 
Institute, wh ch it especially devoted to technical training 
in Expei imental Science and in the Artistic Craft*, will com 
mence on Monday. Sept 33. The instrudion in experi 
mental Science provi des systematic courses in Ma he 
m 2 tics, Phya cs, and Chemistry for London Univ<rsty 
exam nations in addition to the courses on higher tech- 
nological ins*rud on and on inorganic, organic, physica’, 
and analytical chemistry, which form a special eature of 
the work of the Institu e. The cu riculum in connedion 
w>th the Fermentat : on Industrie* includes courses of 
instrudion on Brewing snd Malting, and on the Micro 
biology of the Fermcntarion I< dustri s. In the depart- 


ment of Physics and Mathematics, a special course of 
Ledures will be given on the Theory and Application 
of Mathematical Statistics, the latter of which will treat 
of the application of modern mathematical methods of 
dealing with statistical data in social, elucational, 
economic, and physical problems. Opportunity will be 
given to students to investigate problems on their own 
account. Special preparatory courses are provided in this 
department in Mathematics and Physics for thoae 
wishing to qualify for industrial positions for which a 
knowledge of these subjeds is essential. In the Metal- 
lurgy department, in addition to the ordinary courses, 
special advanced cours s are provided 00 Gold, Silver, 
and allied metals, on Iron and Steel, on Metallography 
and Pyrometry, on Heat Treatment of Iton and Steel, 
and on the Mecha ical Testing of Metals and Alloys. 
Foil facilities are provided for advanced pradical work 
and research in Chemistry, Metallurgy, and Pnysics. 

East Ham Tichnical Coll rob.- Principal, W. H. 
Baiker, B Sc. Head of Chemical Department— A. E. 
Ouns an. D Sc. (Lond.). Ledurers— F. B. Thole, D.Sc ; 
E D. Griffiths, B.Sc. ; R. W. Wilson, F.C.S. Demont 
strator* — S. J. Plaice; A. G. Mussell. Chemcal En- 
gineering and Gas Engineering— A J. Nice. Gas Supply 
— G. Jinkns. Sjap Manufadure and Oils, Fats, and 
Waxes— C. J. Bcnedit. Tar D stil'ation, Ac. — A. J Nice 
and A. E. Duos an, D Sc. Met rilurgy — F. B. Thole, 
D.Sc. Sugar Manufadure — A. Wade. Paintera' Oils, 
Colours, aod Varnishes— R. A. Phillips. Evening Classes 
and Sec* ndsry School 

Blackburn Municipal Technical School.— Chcrn s- 
tiy : Robert H. Pickard, D Sc.(L'ind.) .F.R.S , a*s sted by 
F. J. Co. per and M ss E. Ho t, B.Sc. Session com- 
u.eoces Sept. 24. Full details of the Clashes are given 
in the •• Students’ Handbook,” wh ch may be had at the 
Institution (price id., by post 3d ). 

Redruth School op Mines (now in .orporated in the 
School of Metall ferous Mining, Cornwall).— Complete 
courses of Pradical and Theoretical instrudion are given 
in Inorganic Chemistry, Assaying, Mineralogy, Blowpipe 
Analysts, M ne Surveying, Geology. Principles of M ning, 
Ore Dressing, Mechanical Engineering Ac., for intending 
Atsayers, Mineral Chemists, Min n* Engineers, and Sur- 
veyors. Pradical instrudion in Mining given at the 
School Mine. Syllabus on application to the Pr ncipal, 
T. Knowle*, B.A., B.Sc., Camborne. 

Manchester College op Technology (University 
of Manchettir.— The work of the College incluJes 
advanced study and research in various branches of 
science and technology, and undergraduate courses in 
the Faculty of Technology, extending over three years and 
leading to Degrees and Certificates in Mechanical En- 
gineering, Eledrica! Eng neering, Sau.taiy Engineering, 
Teat.le Industries, Printing and Photographic Technology. 
Architedure, and in the following branches of Applied 
Chemistry -General Chemical Technology, Chemistry 
of Textiles (Blotching, D>e>ng, Printing, and Finishing), 
Paper Manufacture, Metallurgy and Assaying, Fue s, 
Chemical Technology of Brewing, Eiedro-chemistry, Pho- 
tography. The provision for the teaching of Chemistry is of 
an except onally complete character In addi ion to the 
laboratories for Inorganic and Organic Chemistry, Metal- 
lurgy. Brewing, Bleaching, Dyestuffs Manufadure, Dyeing, 
and Electro-chemistry, an extensive equipment (including 
machinery and appliances on an industrial scale) for 
demonstration, experiment, and original research in con- 
nectii n with the B'eaching, Dyeing, Printing, and 
Finishing, and Papei-msking industries is provided in a- 
separate build ng. A Brewhouse is al o equi >pei on the 
I. w gravity principle with a plant of four bu.-htl capacity. 

Technical College, Swansea.— Pri c pal, W. M. 
Vailey, M A., D.Sc., Ph D. Chemistry, E. A. Tyler, 
M.A. ; Metal urgy H. 1 . Coe, M.Sc. ; Physics, J. C. 
Kirkman, B.Sc. Day and Evening Courses in Pure and 
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Applied Chemistry, Chemical Engineering, Metallurgy, 
and for Pnaimaceuticai, Medical, and Dental Students. 
Session opens Sept. 20th. 

Wolverhampton Municipal Science and Technical 
School.— Principal, J D. Coales, D Sc., M.l.E.E ; In- 
organic and Organic Ch-imstry, Tb. J. Murray, M.Sc., 
P* .D , and W. J. Lewis. B.Sc. ; Physic*, A. T. H«nison, 
B S-. ; Botany, Mr-. A’hdown-Ciarke, B Sc. Human 
Physiology and Hygene, II. J. Tench. Materia 
Medica and Pharmacy, F. W. Thompson, Ph.C. Day 
Classes in Chemistry, and Evening Classes in Chemistry, 
Physics, Botany, French, &c. Special arrangements are 
made for the requirements of Phannai meal and Medical 
Students snl Chemical Tradts. Session commences Sept. 
9 h. For other particulars and programme, apply G. F. 
Chell, Secretary. 

Municipal Technical Institute, ’Belfast.— Prin- 
cipal. F C. Forth, F.R.C.Sc.l. Chemistry, Prof. H. 
Wren, M.A., Pta D., D.Sc. Day ani Evening Courses. 


NOTICES OF BOOKS. 


BdibU Oils and Fats. By C. Ainsworth Mitchell, 
B.A., F.I.C. London, New York, Bombay, Calcutta, 
and Madras : Longmans, Green, and Co. 1918. Pp. 
xii + 159. Price 6s. 6d. net. 

The chemistry of the fatty substances which are suitable 
for nse as human food is fully discussed in this book, 
which will be found a very useful general handbook on the 
subject. The balance between theory and practice is well 
maintained, and the nature and composition of fats are 
treated in sufficient detail for most of the purposes of 
the specialist. Recent work is given a good deal of 
prominence, especially in the more practical parts in 
which modern methods are folly described. Thus the 
question of the causes of rancidity and its estimation is 
well treated, and modern processes for extracting and 
porifying fats and oils are discussed. Again, in the 
chapter on methods of examination quite recent work is 
described. Two chapters deal with the characteristics 
and ways of distinguishing the individual edible oils and 
fate, and butter and bnttcr-fat are treated in considerable 
detail. The hardening of fats by hydrogenation and the 
preparation of margarine are described in outline, and 
many references are given to modern literature on the 
subject. 


Sir William Ramsay , K.C.B. , F.R.S . By Sir William 
A. Tilden, F.R.S. London : Macmillan and Co., 
Ltd. igx8. Pp. xvi -1-3x1. Priceios.net. 

The history of the discovery of the inert gases of the 
atmosphere is a chapter in science which invariably makes 
a strong appeal to the young student, and every boy who 
learns inorganic chemistry should be acquainted with it. 
The dramatic way in which the discoveries were made, 
and the methods by which fresh knowledge is acquired of 
materials which were supposed to have been thoroughly 
investigated, can be made the basis of moot enlightening 
and truly educational leisons in science, and teachers can 
have no better account of the work of Sn William Ramsay 
than is to be found in this book. Students also cannot 
fail to get entertainment as well as instruction from it. A 
very sympathetic account is given of a man of charming 
personality, who was a great man as well as a great die 
covecer. Sir William Ramsay's energy, enthusiasm, 
gaiety, and wide interests all combined to make his life 
an exceptionally full one, and the extracts given from his 
letters are often exceedingly amusing. His views on 
education, freely stated with considerable emphasis in his 
letters, and his accounts of many journeys abroad, make 
particularly interesting reading, revealing gifts and powers 


of an unusual nature in a scientific mao, and it is fortunate 
indeed that the work of a man of such great ability and 
achievements as Ramsay should be perpetuated in a 
biography which is really werthy of its subject. 


The Nature of Solution By Harry C. Jones. London : 

Constable and Co., Ltd. 1917. Pp. xxiii-f 380. Price 

12s. 6d. net. 

This volume hat been isaued as a memorial to the late 
Prof. H. C. Jones, having been written by him during the 
last summer of bis life, but not published. It contains a 
sympathetic biographical sketch, by Prof. E. Emmet Reid, 
of the author who was a man of remarkable energy and 
force, possessed of the spirit of the time researcher. The 
text ie written in what may perhaps be best described as a 
semi-popular style, and the general chemist and student 
would have no difficulty in following it, even if they had 
very little knowledge of physical chemistry. Like all 
Prof. Jones's books it ie thoroughly interesting, touching 
upon a wide range of subjects and providing an excellent 
introduction to the study of more technical works. Con- 
sidering the fundamental importance not in chemistry only 
but also in biology and geology of a knowledge of the 
nature of solutions, it is remarkable that so little it really 
definitely known of the subject, but it is gradually being 
placed upon an exact basis, and in no other place in the 
world has so much been done towards this goal as in the 
Johns Hopkins Laboratory under Prof. Jones, who 
acknowledges bis indebtneas to the Carnegie Institute at 
Washington. The book contains a short historical out- 
line of the development of our knowledge of the dissolved 
state of matter, and non-aqueous and mixed solvents are 
included, while an admirable sketch of colloidal solutions 
is given. Tbe solvate theory of solutions, to which Prof. 
Jones made contr ibntiona of such great importance, is 
treated in some detail, and the evidence in favour of tbe 
theory is well summarised and explained. 


What Industry Owts to Chemical Science. By Richard 

B. Pilcher and Frank Bltler-Jones, B.A., A.I.C. 

With an Introduction by Sir George Beilby, LL.D., 

F.R.S. London : Constable and Co., Ltd. 1918. 

Pp. xiv+ 150. Price 3s. net. 

This book contains a plain and unembcllisbed record of 
the actual achievements of chemical science applied to 
industry, which possibly, at any rate up to recent timec , 
have not been recognised at their full value by the world 
in genera). While the triorrpbs of the engineer are 
obvious, to all those of the chemist, which tre of no less 
importance to the advance of civilisation, most certainly 
need chroniclers such as the able authors of this book. It 
should be of great value and interest to teachers of chemis- 
try as well as students and the parents of students who 
have to decide upon careers for their sons and daughters 
and need seme knowledge of the outlook and possibilities 
in various walks of life. Thus, the chapter on Govern- 
ment Chemistry gives an idea of the number and nature of 
official posts which are to be had, though it obvioosly 
does not come within the scope of the hook to give details 
ae to qualifications and training. It ie undoubtedly 
true, at the authors assert, that “ we have used science 
more than we realise, but have not talked aboot it as much 
as some other people,” and this account of tbe work 
already done will be surprising to some. Beginning with 
tbe metals and treating all the important ones in turn, 
methods of extraction, purification, &c., are described, 
allusions being made to the discoverers and to tbe histcry 
of the processes. Other classes of substaoces— dyes, 
explosives, paper, leather, Ac. — are similarly treated, and 
a chapter is devoted to tbe application of chemistry to 
agriculture. A very interesting chapter on gases, 00a of 
the most successful in the book, is included, and a good 
bibliography is provided. 
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Pitman's Shorthand Writers ’ Phrase Books and Guides. 
Chemical and Drug Trades . Compiled by C. G. A. 
Cowan, A.C.I.S. London, New York, Bath, and 
Melbourne : Sir Isaac Pitman and Sons, Ltd. Pp. 76. 
Price 2s. net. 

This book contains some 1500 phrases which are likely to 
be required by clerks in chemical works and the drug in- 
dustry, together with the shorthand form for each phrase 
and useful vocabularies. It also includes specimen letters 
and extracts of a technical nature which can be used as 
dictation exercises, and in addition an outline is given of 
the business methods of the chemical trade, the routine 
work of office and laboratory, and the duties of shorthand 
typists in such offices. It will thus be seen that the book 
is much more than a mere phrase book, and it cannot fail 
to be of value to the readers for whom it is intended. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 


Note.— -All degrees of temperature are Ceutigrade unless otherwise 
expressed. 

Comptes Rendus Hebdomadaires des Seances de V Academic 
des Sciences . Vol. clxvi., No. 13, April 2, 1918. 

New Metastable Form of Antimony Tri-iodide.— 
A. C. Vournasos. — Antimony tri iodide is known to be 
triinorphic, existing in hexagonal, orthorhombic, and 
chinorhombic forms. The two last, which are formed at 
temperatures from 120—123°, are converted into hexagonal 
ruby-red crystals of the first variety, which is the only form 
stable up to 6oo°, the temperature at which decomposition 
begins. Antimony tri-iodide is slightly soluble in carbon 
disulphide, glacial acetic acid, and concentrated hydro 
chloric acid. The author has found that the best solvent 
is glycerin which, at boiling point.. dissolves 20 per cent. 
From the saturated solution antinriSny tri-iodide separates 
as an amorphous powder, which is a fourth metastable 
variety of this substance. After being washed with 
anhydrous acetic aldehyde and dried it is a yellow powder 
which, under the microscope, appears as minute globules. 
It is soluble in anhydrous acetic acid, and is decomposed 
by water into antimony oxyiodide and bydriodic acid. 
When warmed with excess of water it is completely 
decomposed into Sb 4 C>6 4Sbl3 + 6H 2 0-Sb 4 06-t-i2Hl. 
It is soluble in concentrated hydrochloric acid and is 
slowly attacked by nitric and sulphuric acids in the cold, 
iodine being set free. Caustic alkalis and carbonates 
decompose it into Sb 4 C>6 and the corresponding iodides. 
When heated in absence of air it fuses at 172° and passes 
into the hexagonal form. To prepare the amorphous 
variety directly an intimate mixture is : made of 10 parts 
of antimony trioxide with 35 parts of potassium iodide 
powder, both products being perfectly dry. The mixture 
is treated with an excess of anhydrous acetic acid. The 
reaction begins at the ordinary temperature and the 
powder soon becomes ytllow coloured. On beating on the 
water-bath it is entirely transformed into the tri-iodide, 
Sb* 0 3 + 6 HI + 6CH3COOH-2Sbl3 + 6CH 3 COOH+3HaO. 
The acetic acid is then driven off by distillation in vacuo 
or by evaporation, and the amorphous tri-iodide is washed 
and dried. It keeps better than the crystalline varieties 
and does not begin to change till about 172°. 

No. 14, April 8, 1918. 

New Preparation of Methyltoluidines by Catalysis. 
— Alphonse Mailbe and F. de Godon. — The toluidines 
can be directly methylated by passing toluidine and 
methyl alcohol vapour over alumina heated to 350—400°. 
A liquid is thus obtained which readily separates into 
wo layers. The lower consists of a mixture of water and 


alcohol containing a little methyl oxide. The upper layoff* 
which can be separated by decantation, is a mixture of 
monometbyl and dimethyl toluidines, chiefly the latter. 
If the vapour is passed again over the catalyst all the 
mono-derivative is converted into dimethyl toluidine. 

No. 15, April 15, 1918. 

This number contains no chemical matter. 

No. 16, April 22, 1918. 

Crotonisation of Acetaldehyde ; Formation of 
Butanol and Hexanol from Ethanol.— Paul Sabatier 
and Georges Gaudion.- Ethanol can be converted into 
crotonic aldehyde by passing its vapour over reduced 
copper at 300^, and then, in the same tube, over a 
catalyst, such as uranium oxide, thorium oxide, or titanic 
oxide, at about 360°. The ethyl alcohol is first decomposed 
into aldehyde and hydrogen, and then crotonisation occurs. 
A better yield can be obtained by starting with para- 
aldehyde. When the products of crotonisation are 
hydrogenated over nickel the corresponding alcohols, 
normal butyl alcohol, and normal hexyl alcohol, are 
obtained. 


MISCELLANEOUS. 


Obituary.— News has just been received that Lieut. 
L. J. F. Oertling, R.A.F., who was reported missing on 
August 8, died on that date from wounds received in 
action. Lieut. Oertling was in the twenty-seventh year of 
hie age, and wss educated at Clifton College, afterwards 
entering the business of his father, Mr. Henry Oertling, 
the well known manufacturer of chemical and other types 
of balances. The deceased officer was an only son, and 
was married as recently as February of this year. He 
joined the Inns of Court O.T.C. shortly after the outbreak 
of war, and obtained a commission in the Bedfordshire 
Regiment (T.), and proceeded to France with the 8th 
Battalion. Eventually he became attached to the Royal 
Flying Corps. 

Trade with India and Japan. —Messrs. Laxmichand 
Djssabbai and Bros., of Bombay, the publishers of the 
"Indian Directory and Year Book,” the "Directory of 
Merchants and Manufcturers in India," and the "Mer- 
cantile Directory of Japan," are making a special effort to 
assist in the promotion of Indian trade with all parts of 
the British Empire and with friendly countries. With 
this aim in view they are endeavouring in the new issues 
of the three Directories to give special prominence to 
advertisements of English and Colonial firms, and they are 
prepared to give free trade insertions in the Directories to 
readets of the Chemical News who are interested in the 
development of Indian trade with the British Empire. It 
will readily be recognised that this is an opportunity of 
which advantage should be taken of replacing goods made 
by the enemy by those of British origin, and thus furthering 
British commercial interests both in Indis and Japan. 


NOTES AND QUERIES. 

*,* Our Notes and Queries column was opened for the purpose ef firing-' 
and obtaining information 1'kely to be of use to our readers generally. 
We cannot undertake to let this column be the means of transmitting 
merely private information, or such trade notices as should legitimately 
come in the advertisement columns. 

Petrol Freexing-point —Would any correspondent be eo good aa 
to supply me with some scientific data ? I want to know at what tem- 
perature ordinary petrol freezes. I have tried to ascertain this from 
many journals and books of reference, but have been ursucccssfal, and 
shoold be much obliged if anyone could inform me.— H. O. Shakman, 
58, Elmhurst Road, Reading. 
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8PBGIAL NOTICE TO SUBSCRIBERS. 


We regret to announce that the recent paper 
restrictions will compel us for a period, until we 
can secure our usual supply of paper, to publish the 
Chemical News fortnightly instead of weekly. 

The price will not be altered, except as regards 
the subscription price, which, until further notice, 
will be calculated at £1 for fifty-two numbers, or 
pro rata . 

Subscribers will please note that the respective 
expiration dates of their subscriptions will be 
extended accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their extended 
subscription periods. 

Tha sext issue (Mo. 3053) will be published on 
Oetobor llth. 


OBSERVATIONS ON THE RARE EARTHS. 

VI. The Purification and Atomic Weioht of 
Dysprosium. 

By H. C. KREMERS, B. S. HOPKINS, and E. W. ENGLE. 

I. Introduction . 

The object of the work described in this paper was to 
farther purify dysprosium material already in s high state 
of parity. This purification was preliminary to a later 
object, namely, s farther study of the atomic weight of 
dysprosium by the use of the oxide-chloride ratio as used 
by Engle and Balke (yourn. Am. Chem. Soc., 1917, 
xxxix., 53), and by a comparative study of this ratio with 
other ratios. 

a. History 0 f Dysprosium, 

Oar knowledge of the chemistry of dysprosium is very 
limited, and but little concerning the element is found in 
the literature. In 1878 Delifonttine ( Comptes Rendus , 
1878, lxxxvii., 559) announced a new element, pbilippia, 
giving a strong absorption band (« 451*5). In 1880 
Delafontaine found that this band was tbe tame as that 
described by Soret and Cleve for holmium. During tbe 
tame year Soret (Comptes Rendus , 1880, xci., 378) 
announced that tbe pbilippia of Delafontaine and bis 
holmium were the same and that the substance contained 
one body. In 1880 Lecoq de Boisbsudrsn (Comptes 
Rendus , 1886, cii., 1003; chemical News, x886, liii., 
265) by meant of several hundred fractionations with 
ammonia and potassium sulphate succeeded in sepsrating 
the supposed holmium of Soret into two elements. Tbe 
element giving the ebsorption maxima, *753, 475* 45 1 *5* 
end 439*5* wes called dysprosium. 

It was not until 1916 that Urbain obtained some 50 
grata, of dysprosium oxide by fractionation of the ethyl 
sulphates and nitrates (Comptes Rendus, 1906, cxbi , 785). 
An astenaive study of tbe absorption spectra of the 

• Pert of e thesis submitted by H. C. Kremers to the Grsdua»e 
School of the University of Illinois at partial fulfilment of the require- 
ments tot the degree ol Doctor of Philosophy. From the Journal cf 
the American Chemical Society, xl., No. 4. 


element was also msde by the same author. The present 
sccepted value of the atomic weight of dysprosium was 
determined by Urbain and Demenitraux (Comptes Rendus t 
1906, cxli’i., 598). According to these authors the ratio 
which gave the most concordant results was the trans- 
formation of the octohydrated sulphate, Dy 2 (S 0 4 )j 8 H 2 0 , 
into the oxide, Dy 2 03, by ignition at a white heat. As 
a mean of 12 determinations the value 162*54 was obtained 
as tbe atomic weight. Their gtestest variation was 
between 162*29 and 16275. Some fifteen compounds of 
dysprosium have been studied by Bourion (Comptes 
Rendus, 1907, cxlv., 243; Ann. Chim. Phys., 1910, [8], 
xxi., 77), Urbain and Jantsch (Comptes Rendus, 1908, 
cxlvi., 127), and Jantsch and Ohl (Ber, % iqix, xliv., X274). 
The atomic number of dysprosium, according to the table 
arranged by Mosley (Phil. Mag., 1914, xxvii., 703), is 67, 
placing it between holmium 66 and erbium 68. Dushman 
(Oen. Elec. Rev., 1913, xvi.i , 614) states that the order of 
the atomic numbers of dysprosium and holmium in 
Mosley’s table is apparently the reverse of that of the 
atomic weights. Harkins and Hall assign 66 as the atomic 
number ol the element ( Journ . Am. Chem . Soc., 1916, 
xxxviii., 2). Darrant also assigns tbe same number to 
dysprosium (yourn. Am. Chem. Sec., 1917, xxxix., 621). 

3. Fractionation of the Bromaies for the Purification 
of Dysprosium, 

In the fractional crystallisation of the yttrium group 
bromates, by Engle and Balke (loc. at.), dysprosium 
bromate was obtained containing x or 2 per cent of 
bolmium, small amounts of neodymium, praseodymium, 
and traces of terbium. This series was further fractionated 
as the bromates, during which time fractions were removed 
from the insoluble end as the neodymium and praseo- 
dymium collected here. As tbe holmium concentrated 
toward the soluble end these fractions were removed from 
time to time. These bromates were run through 125 
series of recrystallisations. A careful spectroscopic 
examination indicated faint traces of neodymium and 
praseodymium in the least soluble fractions. The colour 
of this oxide was slightly buff. Holmium was found in 
all of the fractions, being more concentrated toward the 
soluble end. Since the amount of holmium present was 
estimated to change the atomic weight of the dysprosium 
no more than two or three units in the second decimal 
place it seemed that this material was sufficiently pure for 
an accurate determination of the atomic weight. Ac- 
cordingly, Samples 7 and S (table of results) were selected 
from this series. 

The bcomste fractionation* was not wholly ideal in the 
final purification of dysprosium ; neodymium and praseo- 
dymium concentrated slowly toward the less soluble end, 
and the last traces of holmium were not removed by this 
method. 

4. Fractionation of the Ethyl Sulphates for the 
Purification of Dysprosium. 

It seemed highly desirable that the two ethyl sulphate 
series, which had been fractionated by Engle and Balke 
(loc. cit.) tor the separation o( dysprosium, be further 
fractionated with the hope that the last impurities might 
be removed. It was feund that most of the fractions of 
the two above mentioned series had hydrolysed during the 
warm summer months, and the majority of the fractions 
had to be recovered. The individual fractions were pre- 
cipitated with oxalic acid, ignited to the oxide, and 
weighed. The calculated amount of ethyl sulphuric acid 
was added to each oxide and agitated until complete 
solution had taken place. Absolute alcohol was used as 
the solvent in the fractionation of these series, and the 
crystallisation was allowed to take place in a refrigeiator 
in which the temperature was 9 . By this method a tem- 
perature of 30—40° was sufficient to dLs-lve tbe crystals, 
and by keeping the fractions at this low and constant tem- 
perature during crystallisation vtry little hydrolysis took 
place. 
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The first ethyl sulphate series, as left by Engle and 
Balke, contained a fraction of i per cent of terbiam with 
slight amounts of neodymium and praseodymium toward 
the less soluble end. Holmium was found in all the 
fractions. This series was fractionated 65 times. Very 
nearly all of the neodymium and praseodymium had been 
removed during this time. A small amount of terbium 
was still present. The holmium could not be removed by 
this method. 

The second ethyl sulphate series contained besides the 
dysprosium very small amounts of terbium. This series 
was fractionated in the same manner as tbe first ethyl 
sulphate series with the hope that the last traces of 
terbium might be removed. After 60 recrystallisathns it 
was found that some terbium still remained although a 
considerable amount had concentrated toward the in- 
soluble end. 

A comparison of the bromste and ethyl sulphate methods 
of fractional crystallisation shows thit tbe ethyl sulphates 
were more efficient for the removal of terbium, neo- 
dymium, and praseodymium from dysprosium. Neo- 
dymium, praseodymium, and terbium were removed only 
very slowly by the bromate method. By neither of the 
methods could all of the holmium be removed, although 
the bromates were the best suited for this purpose. 

5. Preparation of Reagents Used in the Atomic Weight 
Determinations . 

Wafer.— The ordinary distilled water was redistilled, 
after the addition of alkaline permanganate, from the still 
used in this laboratory for the preparation of conductivity 
water. Tbe water thus prepared gave no test for chlorine 
by the most delicate nephelometric test. 

Nitric Acid.— C.P. nitric acid was redistilled from quartz 
apparatus. Tbe middle third was collected in a quartz 
flask and reserved for use. The acid thus prepared gave 
no test for chlorine. 

Oxalic Acid. — C.P. oxalic acid was dissolved in hot 
water, filtered, and recrystallised twice from conductivity 
water containing xo per cent redistilled nitric acid, and, 
lastly, from conductivity water. Each yield was drained 
in a porcelain bowl centrifuge. 

Hydrochloric Arid.— Concentrated C.P. hydrochloric 
acid was heated in a quartz distilling flask and the vapours 
passed over conductivity water in a quartz flask. 

Hydrogen Chloride. — This was prepared by dropping 
concentrated C.P. sulphuric acid into a concentrated solu- 
tion of C.P. hydrochloiic acid. The gas was dried by 
passing through two towers, x metre high and 2*5 cm. in 
diameter, filled with glass beads which were kept moist 
with concentrated C.P. sulphuric acid. The entire 
apparatus was of glass and was continuous. 

Nitrogen. — Air was saturated with ammonia by bubbling 
through a wash-bottle containing concentrated ammonium 
hydroxide solution, and passed through a quartz tube filled 
with copper gauze, heated to redness by means of an 
electric furnace. This nitrogen was bubbled through 
dilute sulphuric acid to remove tbe excess of ammonia. 
The gas was purified by passing through a train composed 
of vertical towers 60 cm. high and 2*5 cm. in diameter. 
The first tower contained solid glass beads moistened with 
dilute sulphuric acid. Tbe second tower contained glass 
beads moistened with 5 per cent silver nitrate solution. 
The third tower contained glass beads moistened with 
C.P. concentrated sulphuric acid. The fourth tower con- 
tained solid sticks of potassium hydroxide. The fifth 
tower contained glass beads and concentrated sulphuric 
acid, and, lastly, tbe gas passed through a tube containing 
glass-wool interspersed with freshly sublimed phosphorus 
pentox'de. 

Air.— Air was purified in tbe same manner as was the 
nitrogen. 

The purifying trains for hydrogen chloride, nitrogen, and 
air were all mounted in a compact form on a wooden 
frame. All connections were made of glass or ground- 
glass joints. This apparatus was also used by Engle and 
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Balke ( loc . cit.) in tbeir investigation on the atomic weight 
of dysprosium. 

Silver. — The silver used in this investigation was pre- 
pared in essentially the same manner as that used by 
Richards and Wells in their investigation on tbe atomic 
weights of sodium and chlorine [Pub. Carnegie Inst., 
1905, xxviii.). 

Thirteen hundred grms. of C.P. silver bromide were 
reduced by a dry fusion composed of the following charge : 
— Eight parts sodium carbonate, eight parts potassium 
carbonate, three parts of silver bromide, and one part of 
flour. This mixture was fused in fire clay crucibles in a 
large gas-fired pot furnace. Tbe melt was poured into 
conical iron moulds, the silver buttons collecting in the 
bottom. These silver buttons were cleaned, etched with 
nitric acid, washed and dissolved in nitric acid. The 
silver nitrate was recrystallised three times from redistilled 
nitric acid and conductivity water. The crystals were 
drained in each case by means of a high-speed centrifuge. 
Tbe silver nitrate solution was next reduced with freshly- 
prepared ammonium Jormate and washed several times 
by decantation. Tbe silver placed in large porcelain 
crucibles lined with pure carbon was fused in an electric 
furnace (Richards and Wells, Ibid.). Tbe silver buttons 
were carefully cleaned, etched with nitric acid, washed, 
dissolved in redistilled nitric acid, and again reduced with 
ammonium formate. The reduced silver was washed by 
decantation with conductivity water and fused in large 
porcelain crucibles lined with pure lime in an electric furnace 
(Richards and Wells, loc. cit.). The silver thus obtained 
was carefully cleaned with a stiff brush, etched, washed, 
and electrolysed, using a bar of pure silver as the cathode 
(Sears and Balke, [Journ. Am. Chem. Soc., 1915, xxxvi., 
833). The fused silver was used as the anode and silver 
nitrate, made by dissolving some of the fused silver in 
nitric acid, formed the electrolyte. By carefully regulating 
tbe strength of the current a well crystallised deposit of 
silver was obtained. This electrolytic silver was well 
washed with conductivity water, dried, and fused in large 
unglazed porcelain boats lined with pure lime. This final 
fusion was carried out in a porcelain tube electric furnace 
in an atmosphere of pure hydrogen, prepared from zinc 
and hydrochloiic acid, and purified by passing through 
wash towers containing alkaline permanganate, silver 
sulphate, solid potassium hydroxide, and, lastly, through 
a quartz tube containing heated platinised quartz, and a 
tube of glass-wool interspersed with freshly sublimed 
phosphoric anhydride. Bars of silver weighing some 50 
grms. each were obtained, and were carefully cleaned, 
etebed, washed, and dried, and preserved in a desiccator 
over soiid potassium hydroxide. Before weighing the 
samples for analysis these bars were cut into pieces, 
etched to tbe desired weight, and washed with conductivity 
water, absolute alcohol, and ether, and heated to 120° for 
some minutes. 

All vessels used in the preparation of tbe reagents, 
described above and in the work following, were of 
platinum, quartz, or Jena and Non Sol resistance glass. 

6 . Preparation of Dysprosium Oxide . 

The dysprosium oxide for the analyst was prepared as 
follows:— The alcoholic solution of the ethyl sulphates 
were diluted with water, a few cc. of dilute sulphuric acid 
added, and heated to boiling. All the barium, from the 
small amounts of barium ethyl sulphate present in tbe 
series, was removed as barium sulphate. The dysprosium 
was then precipitated with oxalic acid. The fractions 
from the bromate series were first precipitated with 
ammonia, washed, dissolved in nitric acid, and from this 
point on tbe purification was the same as that of the 
material from the ethyl sulphate series. Ssvcral alternate 
precipitations with ammonia and oxalic acid were given to 
each sample. The ammonia precipitation was carried oat 
by passing ammonia gas over the nitrate solution diluted 
to x litre and agitated until precipitation was complete. 
The hydroxides were washed by decantation. When 


Observations on the Rare Earths. 


Digitized by 


Google 



Observations on the Rare Earths 


309 


Chemical News, 1 
Sept. 27, 1918 I 


washing was complete the hydroxides were dissolved in 
nitiic acid dilated to 1 litre and heated to boiling. A hot 
eolation of dilate oxalic acid was added slowly up to the 
point when precipitation began. By allowing the solution 
to cool a crystalline precipitate was obtained which was 
easily washed. After washing the oxalate was dried in an 
electric oven and ignited in platinum if another ammonia 
precipitation was desired. Each sample was precipitated 
three or more times with ammonia and usually the same 
number of times with oxalic acid, the last precipitation 
always being as the oxalate. The last precipitation in each 
case was cariied out by the use of redistilled nitric acid and 
conductivity water. Tbs final oxalate was ignited for 
several hours in platinum in an electric muffir furnace 
at a temperature of 8oo°, and, lastly, for an hour at 900°. 

7. The Ratio of Dysprosium Sulphate to Dysprosium 
Oxide . 

The ratio mentioned above was used by Urbain and 
Demenitraux, upon whose work the present accepted value 
is based (Comptes Rendus , 1906, cxlii., 785). A sample of 
dysprosium was prepared by Engle and Balke in the same 
manner as prepared by the authors mentioned above. 
This in brief was as follows The concentrated sulphate 
solution was precipitated with a large excess of alcohol. 
Tois sulphate was washed with absolute alcohol, dissolved 
in water, and crystallised on a steam bath. The sulphate 
was dried over sulphuric acid in a desiccator. Urbain and 
Demenitraux claimed that the pure octohydrated sulphate, 
Dyi(S0 4 )3.8Ha0, was obtained in this way. 

An alundum crucible was ignited to constant weight in 
a platinum wound muffls furnace at a temperature of 
1200 0 , and 1*33843 grins. of the sulphate, which bad been 
dried over sulphuric acid for twelve manths, was weighed 
oot. This was ignited to constant weight, giving 0*66955 
grm. as the weight of the oxide. This indicates an atomic 
weight of 173*291. From this determination it would 
seem that a partial dehydration of the sulphate had taken 
place in the desiccator. Hopkins and Balke tfouru. Am. 
Ckem . Soc. % 1916, xsxviii., 2332) in their work on the 
atomic weight of yttrium found that the hydrated yttrium 
salts were not stable when kept over sulphuric acid, 
calciom chloride, or partly dehydrated yttrium salts. The 
investigation of the dysprosium sulphate was not carried 
further, since it did not appear that a hydrated sulphate 
of constant composition could be obtained under the 
pretent conditions. 

8. The Ratio of Dysprosium Oxide to Dysprosium 
Chloride. 

The method of procedure used here was essentially the 
same as that used by Egan and Balke in their study of a 
similar ratio for yttrium (Joum. Am. Chem. Soc. % 1913, 
ixxv., 365). Practically the same apparatus used in this 
work was used by Engle and Balke (/or. cit.) in their in- 
vestigation on the atomic weight of dysprosium. The 
oxide while still hot from the ignition was transferred to 
the 25 cc. quarts reaction flasks, the caps quickly adjusted 
on the inlet and outlet tubes, and the flask cooled in a 
desiccator. The flask was hung in the balance case for 
three hours or more and weighed. Just before weighing 
one of the caps was loosened for a moment to equalise 
the pressure. The oxide was dissolved by addition of 
hydrochloric acid and warming. No effervescence or 
spattering was noticed. The quarts reaction flask was 
then attached to the purifying train by two ground glass 
joints, one serving as an inlet and the other as an outlet 
for the gases. The purifying train was so constructed 
that air, nitrogen, hydrogen chloride, or a mixture of any 
two or all of the gases could be passed into the flask at 
wi'l. The procedure from this point on was varied some- 
what from that used by Engle and Balke. An especially 
constructed oven made of asbestos wood 0*25 inch thick 
was used to heat the flask. The inside dimensions were 
4x6x7 inches, and mica windows were placed in two 
opposite sides. Coils of nichrome resistance wire served 


as the heating unit, and by means of outside resistance 
any constant temperature up to 360° could be maintained. 
This oven could be placed around the flask after it was 
attached to the train, in such a manner that the entire 
flask together with the inlet and outlet tubes was enclosed 
and entirely protected from the laboratory gases. The 
various stages of the dehydration coutd be observed 
through the mica windows without disturbing the flask. 
Air was first passed through the flask while the tempera- 
ture was no— 115 0 . When the salt began to crystallise 
hydrogen chloride was mixed with the air until the salt 
had completely crystallised and dehydration had begun to 
take place. The air was now stopped and only hydrogen 
chloride passed through. At this point Engle and Balke 
passed nitrogen through the flask together with the 
hydrogen chloride. It was found that nitrogen could be 
omitted without any difficulty. As the dehydration took 
place the temperature was gradually raised to raj — 130° 
and kept at this point until water ceased to escape. 
The temperature was raised to 200°, at which the last 
molecule of water of crystallisation began to come off, 
the dehydration becoming complete at 230°. From this 
point on the temperature was gradually raised to 350°, and 
theoven then replaced by a small muffiefurnace. When the 
temperature bad reached a dull red the current of hydrogen 
chloride was stopped and the chloride fused with the 
Bunsen flame. In the last four determinations the chloride 
was fused by means of the electric furnace. After the 
flask had cooled somewhat the hydrogen chloride was 
replaced by dry air. With the exception of Samples 1 
and a the exit air, from the displacement of the hydrogen 
chloride, was finally bubbled through silver nitrite solu- 
tion until no further test for hydrogen chloride could be 
obtained. This insured the absence of all hydrogen 
chloride in the flask. When the flask had cooled to room 
temperature the outlet tube was first disconnected from 
the train and the cap adjusted. While the air was still 
passing, the inlet tube was disconnected from the train 
and the cap quickly adjusted, thus preventing the entrance 
of any moist air. The flask was hung in the balance 
case for several hours and weighed. 

The dysprosium chloride formed in this manner dis- 
solved completely in cold water to a clear solution. The 
dysprosium chloride solution from a preliminary run gave 
the following reactions toward several indicators : — The 
solution was basic toward rosalic acid, basic to methyl- 
orange, slightly acidic to congo-red, slightly basic to 
cochineal, neutral to litmus, and slightly acidic toward 
methyl-red. These reactions indicated that the hydrogen- 
ion concentration of the solution was 10 -3 or 6 (Washburn, 
“ Principles of Physical Chemistry,” 1915, p. 333). 

Nine consecutive determinations were made. Samples 
1 and 2 were taken from the soluble end of the second 
ethyl sulphate series. The oxides were slightly coloured. 

Sample 3 was taken from near the centre of the second 
ethyl iulphate series. The oxide gave a slightly deeper 
coloor than Samples 1 and 2. This deeper colour was due 
to the presence of more terbium. 

Samples 4, 5, and 6 were obtained from the second 
ethvl sulphate series after 60 recrystallisations by Engle 
and Balke. Sample 5 was ignited at 900° for eight hours. 

Sample 7 was obtained from the less soluble end of the 
bromate series. The oxide was slightl v coloured. 

Sample 8 was obtained from the middle of the bromate 
series. The oxide was nearly white, showing very little 
terbium to be present. 

Sample 9 was also obtained from the insoluble end of 
the second ethyl sulphate series of Engle and Balke. 
After ignition for eight hours at 850° a light buff coloured 
oxide was obtained. When this was ignited in pure 
hydrogen for three hours at a temperature of 250° the 
oxide became pure white. This indicated that the bufl 
colour was due to the terbium, present as a higher oxide. 
The ignition in hydrogen redoced this terbium to the tri- 
oxide, Tb 2 0 3 . The atomic weight of this fraction was 
not much different from that of the others. By strong 
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ignition in hydrogen a slate-coloured oxide was formed 
which left a black residue upon solution in acids. 
When ignited at a lower temperature this slate-coloured 
oxide was not formed. Bettendorf described the same 
phenomenon as taking place when gadolinium oxide, con- 
taining traces of terbium, was ignited in hydrogen (Ann., 
1892, cclxx., 376). 

Alt weighings were made on a Ruprecht balance, used 
exclusively for atomic weight work. This balance was 
kept in a special cork insulated room, the temperature of 
which remained constant to within 2 0 . All weighings were 
made by the method of substitution, the tare flask being 
of quartz similar in size and shape to the reaction flask 
and differing from it in weight by only a few mgrms. The 
weights were carefully standardised to o*ox mgrm., and 
all weights were corrected to vacuum standard. The 
specific gravity of the weights was taken as 8*4, that of 
dysprosium chloride as 3 67 (Burion, Comptes Rendus , 
1907, cxlv. , 243), and that of dysprosium oxide as 7 81 
(Engle and Balke, he. cit.). The atomic weight of 
oxygen was taken as 16 and that of chlorine as 35*46. 
The following values were obtained by this ratio 


Sample. 

Weight of 
Dy 2 C>3. 

Weight 
of DyCl^* 

Ratio 

Dy 2 0a : DyCly. 

Atomic 

weight. 

I. 

072974 

1*04979 

I : I -43859 

163-83 

2. 

1-36017 

I 95604 

1 : 1-43808 

164*05 

3 - 

069716 

1-00255 

1 : 1-43804 

164-06 

4 * 

1-02493 

1*47475 

1 : 143887 

16371 

5 * 

087688 

1-26253 

1 : 1*43979 

163 3 « 

6. 

069318 

099677 

1 : 1-43796 

163-10 

7 - 

1-55248 

223374 

1 : 1-43882 

163-72 

8. 

0-83958 

i- 20763 

1 : 1-43837 

163*92 

9 . 

1*56481 

2*25x29 

1 : 1-43869 

16378 


Mean 16383 

(To be continued). 


THE 

BRITISH SCIENTIFIC PRODUCTS EXHIBITION. 

In spite of the obvious difficulties of arranging an exhibi- 
tion at the present moment the British Science Guild has 
achieved signal success in its enterprise. Forced to rely 
mainly upon voluntary contributions they have neverthe- 
less succeeded in bringing together a remarkable collec- 
tion of substances and appliances of scientific and com- 
mercial interest, and it is encouraging to find that manu- 
facturers and scientific men have been public-spirited 
enough to give financial support to an undertaking from 
which they could hope to get no immediate material 
return. The aim of the organisers of the exhibition was 
mainly to enlightening the public as to the efforts made by 
British science and industry to meet the requirements of 
both our home and foreign markets by the production of 
goods and materials which prior to the war were made 
chiefly in enemy countries. Difficulties of transport and 
labour have both tended to prevent the exhibition from 
being made really representative, and in some cases it 
was clearly not expedient to make public some of our 
most notable achievements, but the exhibition is a suffi- 
ciently striking tribute to our national alertness and enter- 
prise, and though we cannot yet be said to have recovered 
the place in industry which should be ours in view of our 
resources and abilities it cannot be denied that we have 
made enormous strides in particularly difficult circum- 
stances during the last four years. There is much still 
to be done, but in nearly all branches remarkable pro- 
gress has already been made, and we are well on the 
way towards overtaking our competitors. 

The exhibits were classified in fourteen sections, and 
in nearly every section there is the same tale . to be 
told of British inventiveness giving us the possibility of 
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taking the lead, which, however, was lost to os owing to 
a combination of causes which have perhaps now been 
sufficiently thoroughly analysed and discussed. In almost 
every case we were face to face with a disastrous prospect 
at the outbreak of war, but the determination and energy 
of our manufacturers are gradually improving the position, 
and the outlook for the future is becoming brighter 
every day. 

The firstjsection'comprised Chemical Products, and here 
particularly gratifying advances are to be recorded. The 
well-arranged exhibits show that we are successfully 
manufacturing fine chemicals and drugs for which we 
were previously entirely dependent on Germany, and at 
the same time we are introducing new products as the 
results of the researches of chemists in British laboratories. 
Some firms have the satisfaction of showing that while 
their normal trade is developing well, they are also re- 
capturing trade which has comparatively recently been 
abandoned as unremunerative in face of German com- 
petition, and are also undertaking the manufac ure of new 
substances as an outcome of new demands created by 
the war. It is most satisfactory to see British products 
which have entirely replaced those obtained from the 
Continent before the war, and in all directions sub- 
stantial progress has been made. 

In the section which included Physical Appliancea 
special attention may be called to a new British-made 
portable pyrometer, which is very easy to read and simple 
in construction, and is based upon an entirely new 
principle. German thermometers are also gradually 
being displaced from British laboratories, it is to 
be hoped for ever, while there has been an enormous 
development in our manufacture of optical apparatus 
since 1914. Besides articles which are now made in 
great numbers for direct use in warfare— telescopes, 
searchlights, periscopes, &c.— refractometers and eac- 
charimeters are now produced in England which possess 
obvious advantages over and are much superior to those 
made in Germany. Magnetos, which before the war 
might have been regarded as practically a monopoly in the 
hands of the Germans, are a most important feature 
among the electrical appliances. All types of models, 
suitable for aeroplanes, qaotor cars, cycles, &c., are now 
made in England, and are quite as good as, if not better 
than, the formerly universally used Bosch magnets. 
Another interesting exhibit in this section is the optophone, 
an instrument which enables a totally blind person to read 
by ear any ordinary book or newspaper. Rapidly inter- 
mittent light is thrown upon the letterpress and reflected 
on to a piece of selenium, by means of which the reflected 
light is converted into sound by a telephone. Each letter 
of the alphabet has its own characteristic sound. Thus, 
any print can be read in any language by ear alone. 
Examples were given of the possibilities of the instrument, 
and of the reading of the blind after comparatively few 
lessons in its use. Possibly the greatest advances have 
been made in the manufacture of glass, and it is perhaps 
not premature to congratulate our manufacturers upon 
having really triumphed over all difficulties and laid the 
foundation of a valuable and developing industry. Ac- 
cording to some statements before the war only 20 per 
cent of the glass used in Great Britain was made at home, 
and at first British manufacturers seemed to be almost 
unable to cope with the situation. Gradually, however, 
the country’s needs, especially in optical glass and 
chemical glass, were realised, and manufacture was begun 
in earnest. The result has been the production of glass 
and apparatus equal or even superior to the best made 
abroad. For example, a glass is now made in Great 
Britain which is more resistant to acids and alkalie than 
Jena glass, and the lamp-blowing industry, which in pre- 
war days was practically unknown in this country, is now 
firmly established. Scientific investigations dealing with 
problems in glass manufacture are in full swing, and 
manufacture has been speeded up to such an extent that 
a British firm can boast of supplying the needs of our 
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Allies ab well at being tble to meet home requirements. 
Special coareee in glass manafActure At tecbnicAl ecboole 
And universities Are well Attended, And there it a greet 
demand for tbeoretictl end precticAl inetraction in the 
tobject. Greet progrete bee Alto been mede in the many* 
feet are of qoarts glees. And An interesting exhibit shows 
many v erica pieces of epperstas now mede in this vela- 
eble meteriel. 

Section IX., which comprises pepers of ell kinds, 
was of special interest to the general public, by whom 
perhaps it hes not been realised that paper socks, 
helmets, jackets, string, bootlaces, towels, Ac., are 
now being manufactured, as well as drinking cops end 
containers for rations food prodnets, and the tenth section 
— Textile Specialities — also attracted many visitors. 
AU kinds of textiles previously made oolv in Germany 
and now produced here were exhibited, and specimens of 
the work of British dyers show that most satisfactory re- 
sults have already been obtained, with the promise of still 
greater developments in the future. There is need for a 
crest extension of educational facilities in the Textile In- 
dustries, and much research work is waiting to be done. 
Inducements must be offered to students to devote them- 
selves to the subject it Great Britain is to maintain its 
position, especially as regards the higher class products, 
and our progress in the dyeing industry must keep pace 
with that in textiles. 

One comparatively small section -that of Food Pro- 
ducts— inevitably awakens in the mind comparisons with 
Germany and the reflection that here at least our back- 
wardness may be regarded as a matter for congratulation. 
There were no exhibits of substitutes for articles of food, 
with the exception of margarine, and British inventiveness 
has most fortunately not had to expend itself in this 
direction. 

The Munitions Inventions Department of the Ministry 
of Munitions had an exhibition which showed some of the 
results which have accrued from the research undertaken 
on the nitrogen problem. This took the form of a unit 
plant for the oxidation of ammonia to oxides of nitrogen. 
This process was not in extended use outside Germany 
before the outbreak of war, but there is reason to believe 
that the Germans have relied on it very largely for their 
output of nitric acid for explosives as well as in the manu- 
facture of sulphuric acid by the chamber process, as a 
substitute for Chile nitrate, which, owing to our blockade, 
they have been unable to obtain. The method is now in 
use in this country, and several large firms, such as 
Brunner, Mond, and Co., Ltd., and the United Alkali 
Co., Ltd., are using apparatus similar to that shown. 
The apparatus was on view continually during the Exhibi- 
tion, and demonstrations were given by an officer of the 
Munitions Inventions Department. 

In this short summary of the chief features of the ex- 
hibition many interesting and important exhibits have had 
to be ignored, and in such an account of it it is impossible 
to give anything like an adequate idea of its scope, just 
as the organisers have not been able to do more than 
iodicate the lines along which science and industry are 
together moving. It is possible that enough stress has 
now been laid upon our neglect of science and our errors 
in the past, and there has been enough talk of what we 
have failed to do and the reasons for our failures, and the 
constructive period has dawned. What we have already 
done is nerving us to fresh efforts, and self reproach may 
he put away ; the cry 14 We have failed n may W replaced 
by 44 We are succeeding.** 

The establishment of research associations, such as the 
British Photographic Research Association and the British 
Scientific Instrument Research Association, is part of a 
larger scheme from which there is much to be hoped, 
and provided that the needs of scientific education are 
not neglected and there is a good supply of well-trained 
men and women to undertake the work, these associa- 
tions should prove most effective means of benefiting 
industry. 


From every point of view the Exhibition was stimulating 
and encouraging, and the Committee of Organisation and 
exhibitors may congratulate themsetves upon having done 
a service to the natioo which to all appearances was 
exceedingly well appreciated by the public. 

ROYAL SOCIETY. 

Memorandum of Committer on International 
Scientific Organisations. 

(Concluded from p. 387). 

Group II. 

x. Thi International Geodetic Association was formed 
by twenty-one contiibuting States, and has an annual 
income of nearly £3000, the subscriptions for the larger 
States being £300. According to its convention, which 
held for twelve years at a time, and was renewable, the 
Prussian Geodetic Institute at Potsdam was its Central 
Bureau. Its President, Vice President, and Secretary 
belonged to different countries, and retained their position 
for the duration of the convention, which lapsed in 1916. 
Its most oseful work concerned the standardisation and 
comparison of pendulums for gravity measurements. In 
its later years it devoted itself almost entirely to investi- 
gations on changes of atitude. 

2. Tkt International Srismo logical Association was 
formed in 1903 on the pattern of the Geodetic Convention, 
the Imperial Seismological Station at Strassburg being 
selected as the Central Bureau. France, the United 
States, and Great Britain at first refused to join this 
association, and the International Association of Academies 
appointed a Committee to suggest such alterations in the 
proposed convention as would enable these countries to 
take part in the work. The principal changes proposed 
aod ultimately accepted were (x) that Strassburg should 
not necessarily remain the Central Bureau, the selection 
of its domicile being left to the triennial meetings ; (2) that 
the President should only hold office for three years; 
(3) that a State may join through one of its scientific 
societies, and not necessarily through its Government ; 
and (4) that the correspondence between the President 
and the organisations in each State be carried out through 
the Secretary of the Association and not through diplomatic 
channels as originally provided. The United States 
joined as soon as these changes were accepted ; France 
and Great Britain a few years later. The organisation 
then consisted of twenty States, with an annual income of 
£ 1700 ; the larger States contributing £160 annually. The 
principal work of the Bureau consists in receiving and 
distributing information and publishing systematic lists of 
earthquakes. Pait of the funds are used in paying 
scientific workers appointed fay the association for the 
purpose of carrying out special researches. The con- 
vention lapsed in 1915* 

3. International Commission for the Telegraphic Dis- 
tribution of Astronomical Information.— This was at the 
beginning an apparently self-constituted body of the 
directors of the principal astronomical observatories in 
Europe which arranged for the telegraphic distribution of 
astronomical information. The preliminary arrangements 
were confirmed by a meeting of astronomers held in 
Vienna in 1883, when formal statutes for the future conduct 
of the work were adopted. The headquarters of the* 
organisation are at Kiel. The office and working expenses 
are met by subscriptions from the observatories receiving 
the information. These were originally fixed at £b 
annually, but were subsequently reduced owing to the 
facilities given by cable companies, which transmit a 
certain number of messages without charge. 

4. The International Permanent Africultural Institute. 
— This is the outcome of an international meeting held at 
Rome durina 190J on the invitation of His Ms jetty the 
Kiog of Italy. The Institute has its permanent seat at 
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Rome, and its constitution follows lines similar to those 
of other international conventions. The business is con- 
ducted by a General Assembly, meeting occasionally, 
and a Permanent Committee. The principal object of the 
Institute is to collect, publish, and disseminate statistical 
information relating to Agriculture, to notify new diseases 
in plants, and to present, if expedient, to the Governments, 
for their approval, measures for the protection of the 
common interests of agriculturists. Questions relating to 
the economic interests of particular States are excluded. 
The convention differs from that of other international 
organisations in so far as no time limit is fixed for its 
doration, and that the voting power of different States 
varies according to the money contributions. The 
meetings are apparently always held at Rome. 

5. International Council for the Exploration of the Sea. 
— This was constituted in 1902 as a result of discussions 
held at conferences meeting in Stockholm snd Christiania 
in 1899 and 1901 respectively. It confined itself to 
questions relating to Sea Fisheries in North-European 
seas, and developed as an economic and political, rather 
than a scientific, movement. The headquarters were at 
Copenhagen. The countries originally adhering to the 
convention were Denmark, Germany, England, Finland, 
Holland, Norway, Russia, and Sweden. The first con- 
vention was made for five years, but annual meetings 
continued to be held. A number of Committees were 
appointed to deal with different branches of the work. 
Large 6ums of money were spent on the work ; the total 
contribution of England amounted to £70,000 (£14,000 
annually). The organisation seems still to be in existence, 
but cannot properly now be called an international 
undertaking. 

6. The Marey Institute .— This Institute was founded by 
M. Marey for the standardisation and improvement of 
instruments used in physiological researches. Its labora- 
tory is at Paris, and its work is controlled by an Inter- 
national Committee. The French Government contributes 
annually 25,000 francs, and the Swiss Government 1000 
francs. In addition, occasional money contributions are 
made by the Academies of Paris, Leipsic, and Petrograd, 
as well as the Royal Society and the University of 
London. 

7 and 8 . — The Solar Union and the Scientific Sub- 
Committees of the International Meteorological Committee 
are entered both under Groups I. and II., because their 
activity includes to a considerable degree scientific in- 
vestigation as well as standardisation. 

g. The International Committee for the Investigation 
of the Brain. (See under International Association of 
Academies, Group IV.). 

Group III.. 

1. The International Astrographic Chart . — The idea of 
forming a detailed photographic chart of the heavens 
originated with Sir David Gill, but the organisation for 
its practical execution is mainly due to the efforts of 
Admiral Mouchez, who at the time was Director of the 
Paris Observatory. Its programme of work was deter- 
mined upon at an International Conference held in Paris 
in 1887. The photographs are taken at eighteen obser- 
vatories. of which six are in Great Britain and its colonies, 
four in France and its colonies, two in Italy, one each in 
Germany, Finland, and Chili. Each country pays the 
expenses of its own observatories. 

2. Carte Internationale du Monde au Millionieme . —The 
proposal to issue a map of the world on a uniform plan 
was initiated at a conference held in London in 1910. In 
this conference only those countries took part who were 
represented by ambassadors at the Court of St. James’s. 
A second conference, in which other countries also took 
part, was held at Paris in December, 1913. Further 
details with regard to the construction of the map were 
settled, and it was resolved that a permanent central office 
should be established in England for the communication 
of data, interchange of information, and the publication 
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of an annual report. The headquarters of the office were 
to be at the Ordnance Survey, Southampton, with an 
auxiliary office in London. 

3. The International Catalogue of Scientific Literature. 
— This catalogue, which begins with the year 1901, has its 
central office in London. Twenty-nine countries (counting 
the four Australian colonies separately) participate in 
the work, and most of them have established Regional 
Bureaux for the preliminary work of preparing the slips 
which are transmitted to England. The annual office 
expenses amount to over £2000, while the expenditure in 
printing and publication is about £5000. These expenses 
are approximately covered by the guarantees of different 
countries, which take the form of subscriptions for copies 
of the work, and the independent sales. To estimate the 
total cost of the catalogue it would be'necessary to add to 
the expenses of the Central Bureau those of the Regionsl 
Bureaux of the different countries. 

Group V. 

The International Association of Academies. — The 
foundations of this Association were laid at a conference 
held at Wiesbaden in 1899, the following Academies being 
represented :—Berlin, Gottingen, Leipzig, Munich, Paris, 
Petrograd; Vienna, Washington, and the Royal Society 
of London. Meetings have been held at Paris (1901), 
London (1904), Vienna (1907), Rome (1910), and Petrograd 

Since then the following have been added Amsterdam, 
Bruxelles, Budapest, Christiania. Edinburgh (Royal 
Society), Geneva (Socteig Helvltique des Sciences 
Naturelles), Helsingfors, Copenhagen, London (British 
Academy), Stockholm, Tokyo, and Washington. The 
Institut de France is represented by ita three component 
bodies : the “ Acaddmie dee Inscriptions,” the 11 Academie 
des Sciences,” and the “Academie des Sciences Morales 
et Politiques." The annual contribution is fixed at 200 
francs. 

This International Association is intended to initiate 
work in which several academies are inteiested, and to 
advise the Governments on new international under- 
takings. At the London meeting the following resolution 
was passed by 19 votes against 1, the dissenting Academy 
being that of Berlin “ That the initiation of any new 
International Organisation, to be maintained by sub- 
ventions from different States, demands careful previous 
examination into the value and objects of such organisa- 
tion, and that it is desirable that proposals to establish 
such organisations should be considered by the Inter- 
national Association of Academies before definite action 
is taken.” In accordance with this resolution the Inter- 
national Association has from time to time extended its 
protection towards undertakings such as the Solar Union, 
the Marey Institute, and the International Committee for 
the annual publication of Tables of physical and chemical 
Constants. 

Its scientific work was carried out through Committees, 
and if these were of a permanent character the provision 
was made to give them an autonomous existence. In 
that case the Committee could act on its own responsibility, 
reporting its action at a subsequent meeting of the As- 
sociation. The only Committee which received this 
status was that which dealt with the Functions of the 
Brain. The investigations of this Committee were carried 
out at special institutions established in different countries 
which combined for the purpose. According to the latest 
report presented at Petrograd in 1913 it was intended to 
issue an Atlas of the Central Nervous System, and to make 
efforts to introduce a uniform nomenclature. 

The agreement establishing this Association was not 
limited as regards time, so that it can only come to an end 
by a resolution embodying a change of statutes which 
would have to be carried by a two-thirds majority. The 
combined academies of the Allied Countries and Russia 
have 11 votea out of a total of 24, and all the neutral 
countries (including Finland) would have to combine to 
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bring the Association to an end, except by consent of the 
Central Powers. Any Academy is, of course, at liberty 
to withdraw from the Association. 


REPORT OF THE COMMITTEE 
OF THE PRIVY COUNCIL FOR SCIENTIFIC 
AND INDUSTRIAL RESEARCH FOR THE 
YEAR 1917-18.* 

This is the third annual Report of the Research Depart- 
ment established by the Government for the purpose of 
encouraging research and assisting the Scientific investiga- 
tion of iodustnal problems. 

The Report of the Committee of the Privy Council for 
Scientific and Industrial Research, which precedes the 
Report of the Advisory Council, contains a summary of 
the year's expenditure and of the more important questions 
of policy involved. 

The most important section is that in which the policy 
of the Department with regard to Research Associations 
it set out fully. This reads as (ollows : — 

“It is open to an industry to establish an improved 
association without seeking assistance from parlia- 
mentary funds, and associations of this kind will 
have exactly the same privileges and will receive 
the same assistance in the way of advice and in- 
formation, as associations in receipt of grant. The 
Department has found in the course of its conversa- 
tions with leading manufacturers that there is some- 
times a certain hesitarcy to establish relationship 
with the Government for the purposes of research, 
because they fear that the Department will interfere 
in the work of the new associations, and will use its 
powers in such a way as to prevent the results of re- 
search from reaching the firms which have subscribed 
to its cost, or to give the results to competing firms 
which have not joined or have left the association. 
In general they seem inclined to believe that they 
are being invited to submit to a departmental yoke, 
which, especially if it is embellished with gold, will 
grow heavier and fit closer as time goes on, until 
at last the too complacent trade will find itself 
harnessed to the Government car, and led, if not 
driven, at the will of the paymaster. Such an issue 
"would be fatal to the success of our scheme, and 
entirely opposed to the policy our Advisory Council 
have formulated and we have approved. Our in- 
tention is that the Associations shall manage their 
own affairs and benefit by their own discoveries. 
We believe that the Department can help each by 
keeping it in touch with the work of the rest ; that 
the limitation of Government grants, in all ordinary 
cases, to a short period of years, and the provision 
under which an Association can either forego grants 
altogether or abandon them at any time, are 
evidences of our intention. The power of the De- 
partment to interfere in cases in which the national 
interest is concerned or in which the funds provided 
by Parliament are not being used for the purposes 
for which they were granted is sorely the minimum 
safegusrd that a democratic countpr could require. 
But if the films in an industry will undertake re- 
search either for themselves or in combination on 
any other plan which they think better suited to 
their needs, they will as certainly receive the 
sympathetic consideration of the Department and 
such assistance as is in its power to render. We 
have never tbou|ht that the industrial research 
association would meet the case of all industries. 
But the receipt of public funds most entail the 
performance of public dories, and for these the 
Depart ment must have a care." 

• To be purchased through »nv bookseller or directly from II M 
Stationery Oflce, Imperial House, Kiogsway, price 4d. 


The first part of the Report of the Advisory Council 
deals mainly with the progress which is being made in the 
establishment of Research Associations by industries 
which are preparing to undertake co-operative scientific 
research for the benefit of members of the Associstion. 

Some thirty industries sre doing preliminary work 
with this object, and the Photographic industry, the 
Scientific Instrument making industry, the Portland Cement 
industry, and the Woollen and Worsted industries have 
already established Associations, while the Memorandum 
and Articles of Association of a number of others are 
approaching completion. 

The movement towards the formation of Research 
Associations is very encouraging, but naturally it is not 
yet sufficiently advanced to enable knowledge to be com- 
municated from industry to industry. A start has, how- 
ever, been made at co ordinating the means of distributing 
information amongst a number of closely related but 
separate industries by the award of a grant from the 
Department to the Textile Institute. Tbis Institute has 
undertaken the duty of abstracting and indexing Scientific 
literature having a bearing on the textile trades, and it is 
understood that the various Textile Research Associa- 
tions which are being established intend to combine in 
supporting the Textile Institute in this very important task. 

The financial arrangements of two Research Associa- 
tions call for special mention. The Iron Manufacturers' 
Research Association has subscribed the whole of the 
funds necessary without asking for any direct Government 
grants. By forming an approved Research Association 
however, its members derive indirect financial benefit 
through their subscriptions being regarded by the Inland 
Revenoe Authorities as " business costs.” 

On the other hand, the Department has guaranteed a 
total expenditure by the Scientific Instrument Research 
Association of not more than £40,000 during the next five 
years on condition that the members of the Association 
make a contribution of £4000 from their net revenue 
during the same period and make no dtim for any remis- 
sion of taxation. This step has been taken because this 
group of industries falls into a class of “ key” industries, 
and is in urgent need of research on a large scale. The 
negotiations of the Department with large groups of manu- 
facturers have led to several important conclusions 

(а) It is only possible to secure co operation amongst 
firms which are conscious of the existence ol a number of 
onsolved problems of common interest either to all or to 
a majority of them. Thus, the attempt to combine in a 
Research Association the makers of all types of internal 
combustion engines was not successful, although it was 
agreed that research as a co-operative basis is necessary. 
Similarly the movement for forming a Research Associa- 
tion, including both makers and users of refractories has 
made slow progress. 

In each case, however, it is probable that separate 
Associations representing sections of each of these branches 
of industry will be formed, and that the various sections 
will onite for joint action on matters of common interest. 

(б) It has been found that while highly localised in- 
dustries, such as the Cotton trade, or comparatively small 
industries, such as Photography or Scientific Instrument 
making, are capable of organisation into Research Associa- 
tions with little administrative difficulty, there are many 
others, such as the Woollen and Worsted industry and the 
Linen industry, which are so widely distributed that local 
Committees sre needed in order to tocos local interest and 
to secure local initiative in the concentration of effort 
towards a single administrative control. 

(c) There is abundant evidence of the increasing realisa- 
tion of the need for organised research in connection with 
industry, and it is certain that the movement towards this 
will receive a serious set back if the supply of research 
workers cannot be expanded in proportion to the increasing 
demands. The Report therefore again contains a grave 
warning of tbis danger, and states that the Department 
regards the expenditure as grants to students and to otbe 
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Order of the Ministry of Munitions. 


research workers as being of the first importance. It 
points oat, however, that the responsibility for recruiting 
the army of research workers lies upon the Educational 
Authorities of the country, and quotes with hearty agree- 
ment the conclusion arrived at by the Committee appointed 
to inquire into the position of Natural Science in the 
Educational System of Great Britain. 

Arrangements have been made for the co-ordination of 
the work of the Research Department with that of the 
Standing Joint , Industrial Councils which are being 
established as a result of the Whitley Report, an agree- 
ment having been made that the Department will consult 
the Joint Industrial Council of an industry, where one 
exists, before setting up a Research Association for that 
industry. 

During the year under review the Department has 
become responsible for the maintenance of the National 
Physical Laboratory, but since practically all the work 
done in this Institution is for a few purposes, it cannot be 
described in the report. 

Progress has been made with the work of the Fuel 
Research Board, which published a special report in the 
course of the year, of the Tin and Tungsten Board, and of 
the Committee dealing with research on Mine Rescue 
Apparatus, on Timber, and on Building Materials. 

In view of the pressing importance of the problems of 
the cold storage of food, a Food Investigation Board has 
been set up, and much useful work has been done both 
on the preservation and on the methods of preparing 
food. 

One of the most interesting developments during the 
year has been the formation, with the help of the Medical 
Research Committee, of an Industrial Fatigue Research 
Board, whose function is to consider and investigate the 
relations of the hours of labour and other conditions of 
employment, including methods of work, to the production 
of industrial fatigue, having regard both to industrial 
efficiency and to the preservation of health amongst the 
workers. 

Systematic surveys of the fields of research are being 
made in various directions, surveys having been under- 
taken on the sources and methods of obtaining Zinc, on 
Lubricants, and on Illuminating Engineering. 

It is of interest to note that organised research is being 
developed in the Overseas Dominions and in the Unitea 
States of America. The Report contains summaries of 
the schemes that are being drawn up in these countries. 

The second part of the Report deals with researches 
initiated by professional and Scientific Societies 
assisted by grants by the Department. These are not 
described in detail, but reference is made to the work on 
the Deterioration of Harbour Structures, on the Fire Re- 
sisting properties of Concrete, on the Disintegration of 
Salts, on the Acoustics of the Pianoforte, and on 
Insulating Materials. 

Special mention is made of the successful issue of the 
research carried on at Stoke-on-Trent with the object of 
making Hard Porcelain from British Materials. The 
problem has been solved at little more than half the cost 
anticipated, and it is probable that the porcelain will be on 
the market very shortly. 

The Report ends by describing the method of awarding 
grants to students and research workers. 


The Theory of Solution.— Given that molecular and 
atomic reactions can be accompanied by approximately 
close proportional interchanges in the heat of reaction and 
solution of bodies, I would point out that something 
might be ascribed to a theory of solution in which the 
accompaniment of either a gain or loss of heat with such 
atomic or molecular equivalence would represent hydrolytic 
action of water mechanically causing solution in which 
the interchange of ions is taking place.— J. C. Thomlinson, 
B.Sc. 


i CHEMICAL News, 
i Sept. 2 7, 1918 

ORDER OF MINISTRY OF MUNITIONS. 

Chlorine and Chlorine Compounds. 

The Minister of Munitions, in exercise of the powers 
conferred upon him by the Defence of the Realm Regula- 
tions, and of all other powers enabling him, hereby orders 
as follows : — 

1. For all purposes of this Order, “ chlorine” shall 
mean elementary chlorine, either in gaseous or in liquid 
form, and “ chlorine compound ” shall mean and include 
bleaching powder,) sodium hypochlorite, all descriptions 
of chlorine bleach liquor, t nd all other compounds of or 
products containing chlorine which are commonly manu- 
factured direct from chlorine, whether in gaseous or in 
liquid form. And for the purposes of Clauses 2, 4, and 5 
of this Order, the weight of any chlorine compound shall 
be deemed to be the weight of the chlorine contained in 
the same. 

2. As on and from September 16, 1918, until further 
notice, no person shall produce or manufacture any 
chlorine or chlorine compounds in quantities exceeding in 
the aggregate one ton during any one calendar month 
except under a licence issued by or under the authority 
of the Minister of Munitions and in accordance with the 
terms and conditions of such licence as to the quantities 
to be manufactured or otherwise. 

3. As from the date of this Order all persons producing 
or manufacturing chlorine or any chlorine compound, or 
engaged in any manufacture, trade, or business in which 
chlorine or any chlorine compound is used, shall carry out 
and comply with all instructions and directions which may 
be given by or on behalf of the Minister of Munitions with 
a view to avoiding loss or waste of chlorine. 

4. As on and from September 16, 1918, no person pro- 
ducing or manufacturing chlorine or any chlorine com- 
pound shall, except under and in accordance with the 
terms and conditions of a licence issued by or under the 
authority of the Minister of Munitions, use more than one 
ton in all of such chlorine or any chlorine compounds 
during any one calendar month for the purposes of all 
other manufactures, trades, and businesses carried on 
by him. 

5. Ar on and from September 16, 1918, no person shall 
supply chlorine or any chlorine compound to any person 
(whether in pursuance of a contract existing at the date 
of this Order or otherwise), except under and.in accordance 
with the terms and conditions of a licence issued by or 
under the authority of the Minister of Munitions. Pro- 
vided that no licence shall be required by any person to 
supply not more than 56 lbs. of chlorine or chlorine com- 
pounds to any one person during any one calendar month. 

6. As on and from the day following the date of this 
Order, no person shall sell or purchase or offer to sell or 
purchase any liquid chlorine or bleaching powder -at a 
price exceeding the maximum price specified for the same 
in the schedule hereto specified for the same in the 
schedule hereto. Provided that such maximum prices 
shall not apply to — (a) any sale of liquid chlorine or 
bleaching powder for export from the United Kingdom 
to any country other than the Channel Islands or the Isle 
of Man ; nor (6) any sale of less than 56 lbs. of liquid 
chlorine or less than one ton of bleaching powder. 

7. All persons engaged in producing, manufacturing, 
selling, distributing, or storing chlorine or any chlorine 
compound, or in any manufacture, trade, or business in 
which chlorine or any chlorine compound is used, shall 
make such returns with regard to their business, and shall 
verify the same in such manner (including production of 
their books to any accredited representative of the 
Minister of Munitione being a chartered or incorporated 
accountant) as shall from time to time be required by or 
under the authority of the Minister of Munitions. And in 
particular all such persons shall, within fourteen days 
from October 1, 1918, make to the Minister of Munitions 
returns of all stocks of chlorine and chlorine compounds 
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in their possession or under their control on that date, 
such returns to be sent to the Department of Explosives 
Supply, Storey’s Gate, Westminster, S.W. i, and to be 
verified end authenticated by the signature of the person 
making the same, or, where such person is a firm or 
company, of a partner, director, or other responsible 
officer. Provided that no return shall be required from 
any person whose stock of chlorine and chlorine compounds 
on October i, 1918, does not exceed in the aggregate 
1000 lbs. 

8. This Order may be cited* as the Chlorine and Chlorine 
Compounds Order, 1918. 

Note. — All applications in reference to this Order, in- 
cluding applications for licences, should be addressed to 
the Department of Explosives Supply, Storey’s Gate, 
Westminster, S.W. 1, and marked “ Chlorine control.” 

Maximum Prices . 

Liquid chlorine 6d. per lb. 

Bleaching powder .. .. £15 per ton 

The above maximum prices are net cash prices for 
liquid chlorine and bleaching powder delivered free on 
rail or into cart or vessel at maker's works, and include 
the cost of filling into packages (cylinders and casks), bot 
not the cost of the packages themselves. The packages, 
if supplied by the maker or vendor, may be charged for in 
addition at not exceeding current market prices, subject to 
refund in full on return of the same, carnage paid and in 
good condition, to the maker’s works, except that a 
reasonable hire charge may be made for packages returned 
after the expiration of any reasonable period stipulated for 
the return of the same. 

Where credit is given to the purchaser a reasonable 
extra charge may be made, provided that the discount 
allowed for net cash is quoted on the invoice or in the 
contract for sale, and is such as to bring the net cash 
price withing the maximum authorised. 

Where delivery is made elsewhere than at maker’s 
works all costs of transport from maker’s works to place 
of delivery may be charged in addition, any cartage or 
haulage to be charged at not exceeding local rates. 


MEXICAN NEWS.* 

Decree Regarding Exportation of Metals . 

On March 22 President Carransa, by virtue of the powers 

S I him by the National Congress, issued the fol- 
decree, which went into force at once and is now in 
ect : — 

Article 1. — The exportation of bars of silver, or of gold 
and silver mixed, is prohibited except by special permission 
io each case from the Secretary of the Treasury. 

Article 2. — For the exportation of ores and concentrates 
that contain gold and silver, the laws of September 27 last 
will he rigidly enforced. 

Article 3.— The exportation of gold bars, gold money, 
either of the country or foreign, and silver money is strictly 
prohibited. 

Artiele 4.— By previous arrangement with the Secretary 
of the Treasury permission for the exportation of silver 
peaoe may be obtained if at the same time a quantity of 
gold metal of equal commercial value with the peso be 
imported for coinage in the mint. 

Article 5.— The Monetary Commission, in conformity 
with the Secretary of the Treasury, will acquire the bars 
of gold and silver that it believes necessary for its con- 
servation or coinage in the mint. 

Article 6.— The importation of gold in bars and gold 
money, foreign or national, will be free from all consular 
duties. 


* Bollttio Sen ice of the Mexican Newt Bureau. 


To Gather Crop Statistics. 

The National Chamber of Commerce has sent circulars 
to all the subsidiary organisations of that character 
throughout the Republic, asking them to send in promptly 
complete statistics covering the area and probable yield of 
various crops. By this means it is hoped to be able to 
arrange in advance for the shipment of surplus products in 
one section to others where there is a lack from whatever 
cause. In the past there has been great difficulty on this 
account. Because ot lack of previous arrangement short- 
age of crops has caused suffering in some sections, while 
in others there was a plethora. This will be avoided in 
the future as far as possible. Already it is announced that 
the coming crops in most districts will be greater than 
ever before. 


PROCEEDINGS OF SOCIETIES- 

FARADAY SOCIETY. 

Ordinary Meeting , July 23, 1918. 

Sir Robert Hadfield, Bart., F.R.S., President, 
in the Chair. 

Mr. John G. A. Rhodin read a paper entitled * Contri- 
butions to the Chemistry of Aluminium and Aluminium 
Alloys .” 

The. paper dealt with the sorting of various kinds of 
scrap according to percentage of aluminium by means of 
direct determination of aluminium, soluble in xo per cent 
NaOH. The method was described in detail, and it was 
claimed for it that it allowed oxide to be determined as 
well. Certain phenomena (elating to the behaviour of 
aluminium powder, when heated m air, were discussed, 
and also the preparation of A 1 3 0 4 . A curve of specific 
gravities corresponding to percentages of aluminium in 
various alloys was given. Determination of specific heats 
was mentioned as an alternative. 

Dr. W. Rosenhain, F.R.S.,*aid the presence of oxide 
in aluminium was of first-rate importance in substances 
like aluminium powder. Of two samples that looked alike, 
one might contain 20 to 30 per cent of oxide. The 
appearance of the fractuies in the samples shown sug- 
gested enclosures of foreign material rather than that the 
oxide was dissolved in the aluminium. He suggested the 
determination of melting-points as an alternative line of 
attack. 

Mr. Claude T. J. Vautin submitted a new form of 
alumina, perfectly black finely-divided powder, containing 
70 per cent alumina and a small percentage of hydrate, 
which confirmed the author’s statement as to the reduction 
of AI2O3 to a lower oxide. On the application to this of 
a match, two distinct reactions were visible. An initial 
dull glow indicated the reduction of the Ali0 3 to what be 
believed was Al a O ; this was at once oxidised by the air, 
and a bright glow spreid through the mass. 

Dr. R. Seligman found it difficult to accept the state- 
ment that caustic soda would dissolve the aluminium and 
leave undissolved the alumina supposed to be dissolved in 
that aluminium. 

Dr. A. E. P. Gwyer supported Dr. Stiigman's 
criticism. 

Mr. A. J. Chai'man thought the author bad achieved 
something towards obtaining a direct determination of 
aluminium. 

Mr. C. N. Waterhouse suggested that the presence of 
the oxide considered by the author to be dissolved in 
aluminium might account for some of the contradictory 
results that bad been obtained in experiments with 
aluminium and its alloys. 

Sir Robert Hadfield, F.R.S., hoped that the authors 
stody would enable them to get rid of the imperfections 


Digitized by ^.000 Le 




3^6 

which were factors in preventing sound castings. He 
touched on the importance of aluminium to the steelmaker. 

Mr. R. A. H. Gertin testified to the practical value of 
the methods of analysii described in the paper. 

Mr. Robert J. Anderson (Cleveland, U.S.A.) pre- 
sented a paper entitled “ Metallography of Aluminium : 
Recrystallisation and Grain-growth — the Result oj De- 
formation in the Cold prior to Annealing .” 

During the course of some recent tests on the recrystal- 
lisation in controlled aluminium sheet on annealing, some 
interesting recrystallisation and grain-growth phenomena 
were observed in the metal, which are confirmatory of 
the general laws of grain-growth and recrystallisation as 
now understood. 

While the degree of strain is indefinite, the effects of 
temperature on deformed aluminium are recorded, and 
instances of differential grain-growth are presented. These 
results appear to show definitely that aluminium is similar 
to other metals as regards annealing laws. Very many 
important and interesting, to say nothing of speculative, 
consequences arise from a consideration of recrystal- 
lisation phenomena, and this branch of metallography is 
still to be thoroughly investigated. 

Prof. H. J. M. Creighton (Swarthmore College, 
U.S.A.) presented a paper on “ Reinforced Concrete v. 
Salt , Brine t and Sea- water.” 

On account of the rapidity and cheapness of construc- 
tion, at present attention is focused on the reinforced 
concrete ship. The durability of this is still an undeter- 
mined factor, but in a large measure it will depend upon 
the action of the sea-water on the concrete and on the 
iron reinforcements. 

The following conclusions are drawn by the writer from 
his investigations of the action of salt, brine, and sea- 
water on reinforced concrete : - 

1. All concrete which is not waterproofed is more or 
less porous to water and brine. 

2. Brine readily softens the surface of concrete, and 
therefore more easily penetrates to the reinforcements, on 
which it exerts a disintegrating action, that owing to the 
attendant expansion gradually weakens the concrete, 
causing it to crack and split, and in some cases to fall 
away from the reinforcements. 

3. The more porous the concrete, the more rapid the 
disintegration of reinforcements. 

4. Reinforced concrete floors which come in contact 
with brine will gradually develop leaks. These will be 
followed by incrustations of discoloured salt on the under- 
side, where, later, iron-stained hair cracks will develop, 
running parallel to the reinforcements. As the deteriora- 
tion progresses the cracks will widen, and owing to the 
great expansive force of the accumulating iron oxide, the 
concrete will be gradua ly pushed from the corroded rein- 
forcements and ultimately fall. 

In view of the foiegoing conclusions it is evident that 
reinforced concrete immersed in brine or sea-water is 
liable to subtle and persistent deterioration, due to 
electrolytic action between the salt and the reinforce- 
ments. Therefore the permanence and durability of 
reinforced concrete ships is a matter of considerable 
doubt, unless tbs sea- water is prevented from coming in 
contact with the reinforcements. Such prevention may be 
effected by coating the reinforcements with protective 
paint, or by applying to the outer surface of the concrete 
some material which will render it waterproof. Since 
most of the substances which have been used for this 
purpose give results which are far from satisfactory, the 
writer suggests that good results might be obtained by 
coating the concrete with a very thin layer of a suitable 
metal by means of the Schoop Metal Spraying Process. 
Finally, concrete that is to be used in the construction of 
ships should undoubtedly be made from cement of fine 
pulverisation, low in alumina and high in silica, free as 
possible from gypsum, absolutely free from lime, slow in 
setting, and quick in hardening. 


. Chemical News 
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Mr. C. H. Desch, in a written communication, em- 
phasised the importance of the quality of the concrete aa 
a factor in resisting destruction by sea-water. The rapid 
destruction recorded in America was quite exceptional in 
this country. In a well-ixixed concreteof low permeability 
the reinforcement was well protected. The salts in sea- 
water reacted with the outer layers of concrete, but the 
products were dense and prevented further penetration. 
He hoped experiments would be made on the application 
of the Schoop process. 


NOTICES OF BOOKS 

Cellulose , an Outline of the Chemistry of the Structural 
Elements of Plants, with Reference to their Natural 
History and Industrial Uses . By Cross and Bbvan. 
New Impression, with a Supplement. London, New 
York, Bombay, Calcutta, and Madras: Longmans, 
Green, and Co. 1918. Pp. xvii+348. Price 14s. net. 
This monograph on the properties, nature, and uses of 
cellulose is well known and highly valued by workers in 
this region, many of whom have embarked upon researches 
suggested by the authors. In the new edition the progress 
of twenty years was described, including fresh methods of 
experimenting and new classes of derivatives, and this fresh 
impression of the latest edition contains a supplementary 
chapter bringing the information down to the latest pos- 
sible date. The authors’ recent woik has led them to the 
conviction that cellulose is to be regarded as an extremely 
sensitive and labile substance, readily modified by any 
reagent, even water. They suggest that a standard 
process of purification should be adopted in order to get 
a “ normal ” product, and they emphasise the need for a 
thorough revision of empirical standards. In the supple- 
mentary chapter short summaries are given of recent 
work, and allusion is made to the enormous development 
of the cellulose industry and the need for much investi- 
gational work on the subject. The authors, regarding 
cellulose as the prototype of colloidal matter, point out that 
the exhaustive study of the substance and its derivatives 
will provide material for generalisations yet to be made as 
to the nature of colloids, and the book abounds in sug- 
gestions for profitable research work. 


Lecithin and Allied Substances. The Lipins. By Hugh 
Maclean, M D., D.Sc. London, New York, Bombay, 
Calcutta, and Madras : Longmans, Green, and Co. 
1918. Pp. vi + 206. Price 7s. 6d. net. 

The chemistry of lecithin and allied substances is in a 
sufficiently advanced state to warrant the publication of 
a monograph on the subject, and no better author could 
have been found than Dr. Maclean, whose work on the 
subject has been instrumental in bringing about progress 
of the utmost importance. He is responsible for having 
definitely proved that the so called lecithin of the older 
authors is actually a mixture of two substances, true 
lecithin and kephaline, and his work on methods of 
separation of these two is fully described, though not by 
any means to the exclusion of that of other investigators. 
The attempts, hitherto unsuccessful, which have been 
made to synthesise lecithin are discussed, and a very full 
account is given of the properties of the substance. 
Kephaline, sphingomyelin, and cuorin are similarly 
treated, the occurrence of the substances and methods 
of extracting and purifying them being described in 
detail. A careful analysis is given of the work which 
has been done on “protagon,” and its complexity is 
definitely established. The little that is known of the 
nature of the lipins is shortly discussed, their function 
being admitted to be quite unknown. The monograph 
is the most complete and authoritative on the subject in 
English, and the author is to be heartily congratulated 
upon bis successful piece of work. 


Lecithin and Allied Substances. 
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SOURCES. 


Ckemistey for Beginners . By C. T. Kingzbtt, F.I.C., 
F.C.S. Third Edition. London: Bailliere, Tindall, 
and Cox. 1918. Price 28 . 6d. net. 

The new part of the third edition of this book consists of 
tome 60 pages devoted to descriptions of practical work 
which can be performed to illustrate the text of the 
theoretical part. The author has not attempted to outline 
a definite course of practical work, but has arranged this 
part of the book alphabetically under the headings of dif- 
ferent pieces of apparatus and appliances, of which 
illustrations are supplied, together with notes concerning 
their oses in the laboratory. This arrangement will prob- 
ably suit teachers who merely require notes and hints 
about different experiments, but students would probably 
find a coarse of work graduated in difficulty and illustrating 
the text more useful. 


Plant Products and Chemical Fertilisers. By S. Hoare 
Collins, M.Sc., F.I.C. London : Baillifcre, Tindall, 
and Cox. 1918. Pp. xvi + 236. Price7s.6d.net. 

This book is the first volume of a series of works on in- 
dustrial chemistry wiitten by various authorities and 
edited by Dr. Samuel Rideal. The series aims at treating 
applied chemistry from the chemical rather than the 
engineering standpoint, and the books are to be regarded 
as guides to standard literature to be used in conjunction 
with and not instead of current text-books. A compre- 
hensive survey is given in this first volume of the applica- 
tion of science to agriculture, and agricultural students 
as well as practical farmers have every reason to be 
grateful to the author for providing them with a thoroughly 
interesting handbook of an unusual type. The different 
clatses of fertilisers are first considered, the various pro- 
ducts being followed from factory to field and back to 
factory again. A short account is given of the properties 
and uses of different manorial substances in turn, all 
kinds of industrial by-products being discussed. Then 
sections on the soil treat of the characteristics of soils and 
methods of increasing their productivity. In the third part 
of the book the author passes to the consideration of the 
substances elaborated by crops, giving a useful table 
showing the nature of such substances and their feeding 
value. Finally, in the last part the production of meat 
and dairy products is treated, some account being given 
of the different foods fed to beasts and the process of 
digestion. An interesting short discussion of the future of 
agriculture and questions of labour and education bring 
the book to an end. The author’s experience of agri- 
cultural problems, both in England and India, enable him 
to draw his illustrations from diverse sources, and the 
book is a useful contribution to the literature of scientific 
agriculture. 


Note.— A ll degrees of temperature are Centigrade unless otherwise 

expressed. 

Comptes Rendus Hebdomadaires des Stances de i Academic 
des Sciences. Vol. clxvi., No. 17, April 29, 1918. 

Balance of some Constituent Principles of the 
Sugar-beet during the Manufacture of Sugar.— 
Emile Saillard.— The various products which are obtained 
during the manufacture of sugar have been subjected to 
analysis for dry matter, nitrogen, potash, soda, and 
phosphoric acid, and thus the balance sheets of these sub- 
stances at different stages have been drawn up. It is 
thus found that practically all the potash, soda, and phos- 
phoric acid can be recovered am returned to the soil, 
but, on the other band, about 50 per cent of^tbe total 
nitrogen is lost. 

No. 18, May 6, 1918. 

Influence of Cadmium on the Properties of Alloys 
of Copper and Zinc. — Ldon Gui let. — Cadmium has no 
influence upon the mechanical properties of brasses con- 
taining 60 to 70 per cent of copper unless 1 per cent of 
cadmium is present. It then causes a lowering of the 
resilience. When 2 per cent of cadmium is present it 
separates out in round granules. Commercial zinc does 
not usually contain as much as 1 per cent of cadmium, 
and hence there is no need to take account of this metal 
in industrial operations. 

No. 19, May 13, 1918. 

Neutral Nitrate of Zirconyl.— Ed. Chauvenet and 
L. Nicolle.— It has been stated that the neutral nitrate of 
zirconium can be prepared by evaporating in vacuo a nitric 
acid solution of zirconium hydrate, but the authors have not 
succeeded in obtaining the substance even when evapora- 
tion of the very concentrated solution was carried on at a 
low temperature in a current of carbon dioxide charged 
with nitric vapours. They conclude that the nitrate 
does not exist. The crystalline product obtained 
was always the dihydrated neutral nitrate of zirconyl, 

Zr<^jQ^.2H a O. Attempts to dehydrate this substance 

by heating to as low a temperature as possible in a current 
of COi containing nitric vapours were always unsuccessful, 
for the nitrate always gave off nitric acid. Another 
hydrated nitrate containing 3*5 molecules of water can be 
prepared. It is formed at o ', and is stable only up to 
io°, above which temperature it rapidly gives the dibydrate. 


Sir William Ramsay. By Tarini Charan Chaudhuri, 
M.A. London, Calcutta, Winnipeg, and Sydney : 
Butterwortb and Co. 1918. Pp. ix+66. Price is. 8d. 
net. 

This short biographical sketch of the life and work of Sir 
William Ramsay has evidently been written by an admirer 
who could form an accurate estimate of the value of his 
contributions to knowledge, as well as his powerful and 
invigorating influence over bis pupils. There can be no 
doubt that the historical method of teaching science 
stimulates the interest of students and gives them a 
valuable iosigbt into the methods of the great discoverers, 
and busy teachers, especially those who are working in 
Indian colleges, may find this short biography useful 
either for their own reading or to give to their students. 
Ramsay's early work in organic chemistry, followed by 
bis researches on the gases of the atmosphere and finally 
his experiments in radiography , are outlined, and a clear 
view is given of the spirit of research whioh animated all 
his work. 


No. 20, May ?i, 1918. 

Ferro-silicons not attacked by Acids.— Camille 
Matignon. — The resistance to acids of six different ferro- 
silicons and one feiro-boron was investigated, and it was 
found that the latter cannot be compared in this respect 
with the ferro-silicons. The introduction of small quanti- 
ties of nickel increases the chemical resistance of the alloy. 
The acids used were nitric acid of different strengths and 
mixtures of acetic and butyric acids. None of the alloys 
resisted the action of hydrochloric acid. 

Basic Nitrates of Zirconyl.— Ed. Chauvenet and 
L. Nicolle. — The normal hydrate of zirconyl nitrate, 

Zr<^qQ^.2H a 0, is very soluble in water, and solution 

is immediately followed by hydrolysis. When 
heated to about 120° it gives the basic nitrate, 

£zr<^0^J ^.ZrOa yHaO, while at higher tempera- 
tures hydrated compounds are obtained which are mors 
and more basic. 
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SPECIAL NOTICE TO SUBSCRIBERS. 


The recent paper restrictions have compelled us 
to publish only fortnightly instead of weekly for a 
time, but we arc now giad to be able to announce 
that we are to be allowed a further supply of paper, 
which will enable us to revert to weekly publication 
in the near future. 

Beginning with No. 3084, to be published on January 
3, 1919, the Chemical News will again appear weekly, 

and the dates of expiration of subscriptions will be 
adjusted accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their subscription 
periods. The price will remain unaltered, viz., f \ 
for fifty-two numbers, or fro raid. 


DEFINITION OF VALENCY. 

By F. II. LOWING. 

Thf, atoms of different elements, or the atoms of the 
tame elements, chemically unite with one another to form 
bodies of varying stability against decomposition by 
heat, exception being made (1) to the inactive gases which 
do not combine at all, and (2) to certain atoms lacking in 
mutual affinity, 01 being too mutually unstable to co exist 
at ordinary temperatures as definite molecular compounds. 
In respect of (2) fluorine and oxygen would be good 
eximples, since no compounds of these two element* 
solely have been produced. Fluorine unites more or less 
vigorously with every element except oxygen, chlorine, 
nitrogen, and, of course, those of the helium family. 

The atoms which do combine, combine to form groups 
known as molecules. (The term group is herein used to 
denote atomic combinations involving two or more atoms). 
In solids it cannot be assumed that the groups arc definitely 
defined as is the case with regard to gases. The selective 
property asserts itself more diffusely in solids than in gases, 
so that the latter afford numerous examples in which the 
affinities are not fully satisfied ; whereas, in the former, 
the affinities may be more scattered and, indeed, 
generally fully satisfied ; consequently, this action may 
help to bind the ideal groups or molecules together 
a* a whole. “Even when . . . the combining pos- 

sibilities of an atom are exhausted, it possesses a particular 
kind of affinity, which enables it to form molecular com- 
plexes." In other words, molecules are known to 
associate. 

Molecules which, for example, are normally diatomic 
at ordinary temperatures may become monatomic at high 
temperatures, permanent combination being then pre- 
vented owing to the extreme activity of the gas-particles ; 
Bfj and 1 4 may be taken as examples. The gas molecules 
are, howevef f definite entities (the most direct proof of 
the existence of atoms and molecules is to be found in Sir 
J. J. Thomson’s positive ray experiment*), and by deter- 
mining the combining proportions of respective atoms in 
bulk, and the density of the resulting substance in the 
vapour state, it has become possible to assign to the 
•toms the property of selecting or receiving to themselves 


certain numbers of other atoms, but this selective or 
receptive power or capacity does not represent an attrac- 
tive force or affinity which corresponds in magnitude to 
the number of atoms attracted or united. For example, 
a man may have two hands and be able to select two 
objects or have the power of joining hands with two other 
men of one hand each, or he may join bands with one 
man with two hands. The two handed mao, in fact, has 
a selecting capacity of two, but his affinity or hand-gripping 
power depends upon an energy consideration which 
depends upon the other man’s grip as well, so that the 
stability or strength of union 19 independent of the 
number of hands. The number of hands, however, re- 
present* the valence or valency. 

The hand illustration of valency is an exceedingly useful 
one, and there are cases which point to the possibility of 
the valencies, under certain conditions, being self-satisfied, 
as if, for example, the two-handed man had interlocked his 
own hands, thus by analogy implying that two valencies 
of the atom arc rendered inactive towards other atoms. 

Some atoms combine individually with eight other 
atoms (*.£., osmium fluoride, OjFs), as if the atom bad 
eight hands, to continue the ttimile, this being the maxi- 
mum valency, whilst one is the minimum in other cases. 
Many atoms appear to bring into requisition more hands, 
as it were, when combining with the atoms of one par- 
ticular kind of elementary substance as distinct from 
another, so that such atoms exercise a variable valency. 
It might appear that the reserve valencies implied in the 
foregoing statement are internally- or self-satisfied, as 
stated above, until called into action, but much uncertainty 
prevails regarding such matters. Some atoms have 
apparently only one unit valency and answer to the one- 
handed man. The inactive gases answer to a man 
without any hands at all, unless it be assumed that cer- 
tain valencies are internally satisfied and that they 
cannot be called into action. 

It should be noted that the one-handed man, or the 
man without any free hands at all, could, when closely 
associated with other men, exercise certain interlocking 
powers if the legs were brought into proper action for 
this purpose. Hydrogen, for example, which is supposed 
to be only univalent in the solid state (as in other states) 
may exercise certain subsidiary affinities or interlocking 
powers which might account for its cohesion. Froxen liquid 
hydrogen is a rigid substance like frozen water, and if 
the affinities are to some extent diffuse in the latter (see 
below) it would be expected that they would be diffuse in 
the former. This means that the unity valency values may 
not represent a complete statement of fact when taken as 
implying that the valency is fully satisfied in the mole- 
cule, otherwise molecules of hydrogen, to keep to the 
one example, would behave like dust below the freezing 
temperature of this element; but, cohesion and valency 
are not generally regarded as the same phenomenon, and 
it is going bevend the doctrine of valency to discuss such 
matters. Befcre leaving this extension of the subject a 
few further observations may be of suggestive interest. 

The inactive gases are liquefiable and solidifiable, and in 
these states they behave in a general way like ordinary 
liquids and solids, but they do not form chemical com- 
pounds with other elements, and it is doubtful whether 
they feebly combine or associate amongst themselves to 
form molecular complexes even of the simplest type. For 
instance, the atoms of liquid argon do not appear to 
associate. The fact that they have no valency does not 
mean that they have no affinities at all, otherwise there 
would be no cohesion. Water and hydrogen afford 
parallel examples to tha^ovc in some respects, as H 2 0 
and Ha may be regarded vs molecules practically of zero 
valency, yet molecular complexes or association pheno- 
menon in respect of the former are known. 

Radio-active phenomena indicate tbit possibly helium 
is a common constituent of all atoms except hydrogen, in 
which cate its combination must be of a superior order to 
anything coming within the range of controllable pheno 
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menon known as chemical action, but like the molecule 
in crystals (see below) the definite individuality of such a 
fundamental helium atom or unit taken as a sub-atom may 
be lost, or merged into a larger whole. In this case a 
deep-seated type of valency may exist accompanied with 
an affinity far superior to anything exhibited in chemical 
phenomena, just as ordinary valency is in a sense more 
fundamental and definite than that which is connected 
with the formation of molecular complexes. The grada- 
tion is fairly complete as the last-named phenomenon 
shades off into cohesion. It will be seen that this line of 
reasoning leads to four physico-chemical steps, namely : — 

1. Helium atoms as sub-atomic units, involving a 

superior type of valency and affinity. A further 
sub-division into .similar hydrogen units has been 
foreshadowed as a possibility, in which case a 
similar antecedent step to this one might be 
expected. 

2. Atomic combinations under control of the chemist, 

involving ordinary valency, but with affinities which 
are not co-related to the valency values. 

3. Molecular complexes, involving a sort of residual 

or excess valency which tends to become diffuse. 

4. Cohesion, involving a still more remote type of 

valency which being wholly diffuse is more of the 
nature of an affinity pure and simple, and, indeed, 
in this case the idea of valency may be entirely 
eliminated. 

It must be admitted that these statements are to some 
extent speculative, but such ideas, though of necessity very 
general, may help to clear up doubtful points which 
obscure the interpretation of valency proper. The quota- 
tions given at the conclusion of this article may be of 
interest in this connection. 

As stated above, the valencies exercised in solids are 
largely conjecture, but there is sufficient evidence in many 
cases to show that the values assigned to the atoms repre- 
sent characteristic properties. For instance, hydrogen 
and oxygen combine to form water in the atomic propor- 
tion »(HH) : n O, and in the gaseous state the molecule 
H 2 0 is known, Oxygen in this case is said to be di- 
valent (or bivalent) and hydrogen univalent (or mono- 
valent). In the liquid or solid states molecular com- 
plexes are said to be formed, these being represented as 
(H 2 0 )». Probably in such cases the valencies are to 
some extent diffuse, but uncertainty exists with regard to 
the precise disposition of the valencies when considering 
the manner or direction in which they may be supposed 
to operate. In solids the valencies may extend to atoms 
of adjoining 44 molecules,” so that definite molecules in 
solids are considered by some as purely an ideal concept, 
their existence becoming definite, however, when, by the 
application of heat, the kinetic energy imported to the 
atoms causes them to move about in groups. When the 
heat is intense enough the groups themselves break up 
into single atoms. 

In crystals, X-ray analysis has shown that the con- 
stitutional formulae of the chemist do not exist as such, 
the molecular individuality then being more or less lost, 
and this agrees with the foregoing statement with regard 
to solids in general. 

The degree of stability of a compound depends upon its 
composition or character apart from the valencies of its 
respective atoms. It sometimes happens that particularly 
stable compounds have other than the normal valencies 
exercised in the molecule ; or, on the other band, the 
normal valencies are not fully satisfied. Nitric oxide, 
NO, is particularly stable at moderately high temperatures, 
and it seems probable that both nitrogen and oxygen are 
quadrivalent (or tetravalent) in this case. It might be 
supposed that the strength of the atomic union, the 
resistance of the compound to decomposition when its 
temperature is raised, may be due to the number of 
valencies exercised, and therefore a connection between 


valence and degree of affinity at once suggests itself ; but 
there are so many exceptions in this respect that no law 
has been established. 

It will be seen that valency on the whole is a 
somewhat elastic conception. When an atom is defined 
as having a certain maximum valency, the value so 
assigned to the atom is only characteristic when en- 
tering into combination with certain other atoms. 
Similarly, the minimum valency is only characteristic in 
respect of other particular combinations. Some atoms 
have no variable valency, in which case the maximum 
valency and minimum valency coincide. There are, how- 
ever, combining regularities which are sufficiently well- 
defined to enable one to classify the elements into groups 
and at the same time to assign to their respective atoms 
certain valency values, so that combinations may be 
predicted and chemical behaviour elucidated. 

The regularities of the valency values may be expressed 
in tabular form thus : — 

H. He. Li. Be. B. C. N. O. F. 

M»x. val. ..101234 543 &c 

Min val. ..1 o 1 2 3 4 ? 3 2 1 

The valency (or valence) of an atom is its selective or 
receptive capacity for one or more atoms (8 seem to 
be the limit) when combination takes place ; and it is 
either expressed in terms of the number of hydrogen 
atoms (1 to 4) which it combines with or displaces, or in 
terms of the number of chlorine or fluorine atoms (x to 8) 
which it combines with or displaces, under conditions that 
preclude the probability of each halogen atom itself 
functioning in a higher combining capacity than unity 
with rerpsct to the atom whose valency is thus being 
defined. 

There are cases in which the valency may be deduced 
by combinations involving other atoms than those cited as 
standards ; but this definition affords a basis for establishing 
such other standards. For example, oxygen (O) usually 
functions as a divalent atom, but under certain circum- 
stances it appears to be quadrivalent. 

The following quotations bearing upon the subject 
under elucidation should be of particular interest : — 

1. A. Smith, 44 Introduction to Inorganic Chemistry,” 

19x8, 3rd. Ed. 

2. Melior, “ Modern Inorganic Chemistry,” 19x2. 

3. J. N. Friend, “ Theory of Valency,” 1909, xst Ed. 

4. J. Perrin, 14 Atoms” (translation), X916. 

5. Science Abstracts , Section A (Physics). 

x. 41 It is only in the chemistry of carbon that the 
prejudice in favour of a single valence [4] still persists. 
All chemists admit that in carbon monoxide, CO, the 
carbon is bivalent. But not all chemists admit that it is 
also bivalent in fulminic acid, H- 0 — N**C, and in the 
isonitriles R-N-C. For the unsaturated compounds, 
like ethylene C 2 H 4 , and acetylene C 2 H 2 , all chemists 
write the formulae H 2 - C - C« H 2 and H — C=C- H, 
although there is at present no experimental evidence that 
the formule H 2 «*C -C — H 2 and H— C — C— H, in which 
the carbon is trivalent and bivalent respectively, do not 
represent the fact equally well, so far at least as valence 
is concerned. When trijjhenylmetbyl, (C6H 5 ^ 3 C, was 
discovered by Gomberg it seemed as clear that in 
this substance one atom of carbon was trivalent as that 
the copper in Cul is univalent ; but violent efforts were 
made to avoid this obvious conclusion. For example, it 
was suggested that three of the valences held one C6H< 
group each, and that the fourth valence was divided 
amongst the three groups (partial valence). But valence 
goes by multiples of one equivalent, and this idea involved 
splitting one valence into thirds of an equivalent. The 
affinity of the carbon atoms is doubtless all divided 
amongst the three groups, so long as no fourth group is 
present to share it, for affinity is not divided into any 
definite number of units. This is a case of unconsciously 
confusing valence and affinity.” (P. 137). (See “ Theory 
of Valency,” by Friend, p. 42). 
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“ Is Solution a Physical or a Chemical Change ? — These 
phenomena are, in part, accounted for by the fact that 
water is not a single substance, but a mixture. It is 
largely composed of dihydrol, (H a O) a , with much tri- 
hydrol, (H a O) 3 , near to o°, and increasing quantities of 
monobydrol, H a O, at higher temperatures. When any 
substance is dissolved in considerable amount of water 
the equilibrium amongst these three kinds of molecules is 
disturbed, and their proportions change : — 

2 (H, 0 ) 3 ^ 3 (H, 0 )a ^ 6H3O. 

Now, equal weights of these three kinds of water occupy 
different volumes, and hence solution is accompanied by 
changes in the volume of the water. The same con- 
dition in water explains the point of maximum density 
(4°). The change from (H a O)3 to (H a O) a which proceeds 
as the temperature rises from o° to 4 0 , is accompanied by 
a shrinkage , because the dihydrol has the higher specific 
gravity. Beyond 4 0 the usual expansion with rising of 
temperature prevails. . . . Dissolving in water is 
therefore partly a chemical and only partly a physical 
process— a part of the water is always affected, and a 
part or all of the solute may go into combination.” 
(P. 202). 

2. 44 The principle of self saturation breaks down when 
applied to the nitrogen oxides, say, N»” 0 ”. The relative 
density of the gas (Avogadro’s hypothesis) will not let us 
write N a O a ; that is, O-N— N-O. We are therefore 
confronted with what appears to be an odd unsaturated 
valency in the molecule, — N -O. Again, molybdenum 
forms a series of compounds with univalent chlorine or 
fluorine, MoCl a , M0CI3, M0CI4, M0CI5, and M0F6, and 
vanadium forms VCl a , VCI 3 , VCI 4 , and VC 1 3 .. In view of 
facts like these it is difficult to maintain the thesis that 
the apparent inconsistency of the valency of an element is 
doe to the mutual 1 saturation ’ of pairs of valencies. 
Either a molecule can exist with free valencies, or Kekule’s 
maximum valency hypothesis breaks down when confronted 
with facts.” (P. 71). 

3. 14 In nitric oxide, NO, whose molecules are single at 
temperatares as low as — xoo° C., the valency of nitrogen 
evidently depends on that of oxygen. As we shall see in 
a later chapter, oxygen can function as a tetravalent 
atom, and in Chapter XIX. reasons are adduced to show 
that in nitric acid we have the first example of tetravalent 
nitrogen [— N O]. All efforts to obtain other deriva- 
tives of tetravalent nitrogen have, up to the present, 
resulted in failure.” (P. 82). 

4. 44 We have not yet put forward any suggestions as 
to the nature of the forces that keep the atoms grouped 
together within the molecule. It may be that each atom 
in the molecule is joined to each of the others by an 
attraction that varies according to their nature and 
decreases rapidly with the distance between them. But 
such a hypothesis leads to no verifiable conclusions and 
presents considerable difficulties. If all hydrogen atoms 
are attracted by all otbe; hydrogen atoms, why is it that 
the only molecule built up of hydrogen atoms is H a , the 
capacity of the hydrogen atom for combining with itself 
being exhausted directly two atoms become united ? It 
appears as though each atom of hydrogen stretches out a 
single hand only. Directly this hand succeeds in gripping 
another hand the capacity for combination of the atom is 
exhausted ; the hydrogen atom is therefore said to be 
monovalent (or better, univilent).” (P. 32). 

5. 44 Relation of Molecular Cohesion to Surface Tension 
and Gravitation, ... A. P. Mathews (yourn.Phyi.Chem., 
Oct., 1916, xx., 554). — This paper constitutes a revision 
and extension of the studies already made on molecular 
cohesion (Abt. t 1914, 279). Its contents are briefly as 
follows : — (1) A method of computing a of van der Waals’ 
equation from the internal latent heat of vaporisation 
winch seems to be free from all assumptions; (2) a proof 
that the values of a thus found are proportional to the 
two-thirds power of the product of the molecular weight 
and the number of valencies in the molecule ; cohesion 


of a molecule depends, therefore, on the molecular 
weight and valency ; (3) the cohesive attraction of two 
molecules at a unit distance apart is shown to be equal to 
the two-thirds power of their gravitational attraction at this 
distance, multiplied by the two-thirds power of the ratio 
of the number of valencies to the molecular weight ; or, 
if M*K, which is a for a single pair of molecules, is the 
cohesions! attraction at a unit distance and m*k the 
gravitational attraction of the two molecules at the same 
distance, then the following relation exists : — M a K x 

(valencies/molecular weight)*/3. ...” (P. 36, Jan., 
1917). 

M Cohesion II. H. Cbatley ( Phys . Soc. Proc. % Aog. 15, 
1916, xxviii., 307). . The outstanding difference 

between chemical affinity and cohesion lies in the selective 
character of the first. So far as the ability of valency 
bonds of an atom to hold a molecule is concerned this is 
a common feature in organic compounds ; what is 
distinct in the selective process is the feature of * satura- 
tion/ The case of silica is considered. (1) In each sub- 
molecule, SiO a , the four valency bonds of the silicon atom 
are linked in pairs to two oxygen atoms, this being purely 
chemical. (2) The sub-molecules are linked in pairs, if 
Nernsi's formula (SIO a ) a is correct ; this is chemical in so far 
as it occurs in constant proportions, but is cohesive in so 
far as it is the linkage of molecules as distinct from atoms. 
(3) The silica molecules are linked to one another 
irrespective of quantity, but with a configuration of 
maximum stability (crystal) with four axes (hexagonal 
system). Linkage can occur without geometrical form 
(amorphous solid). The magnitude of the linkage forces 
is inferior to that of (1) and (2), but not incomparably so 
(cohesion). (4) If gravitation is not a particular case of 
cohesion there is, in addition, a small mutual attraction 
with no vector quantity in accordance with Newton’s law. 
It would seem possible to deduce from the fields about 
different stable systems of differently charged spheres 
some idea as to the feasibility or otherwise of explaining 
cohesion on these lines.” (P. 452, 1916). In an earlier 
paper by the same author in the same society journal 
(Aug., 1915) it is stated that . . . 41 Kelvin was of 

opinion that cohesion could be explained by supposing the 
actual mass of substance to be concentrated into volumes 
uite small as compared with the whole volume. The 
ensity at such centres would be extremely high, and this 
intense density would, he thought, so increase the force of 
gravity between pairs of molecules very close together as 
to account for cohesion without necessitating any devia- 
tion from the inverse souare law. . . . This [distance 

between molecules] is found to be of the order of io-*4 
cm., much less than the reputed diameter of an electron 
even! A second calculation is then made according to 
an inverse law of undetermined index, the Newtonian 
constant for gravitation being still retained. This results 
in making the cohesive force vary as the inverse sixth 
power.” (P. 586, 1915). 

44 Results of Crystal Analysis, IV. L. Vegard (Phil. 
Mag., May, 1917, xxxiii.. 395). . . . Hence, although 
it is found that the constitution of the solid state of sircon, 
rutile, and cassiterite should be ZrO a SiO a , (TiO a ) a , and 
(SnOj) a respectively, it cannot be concluded that these are 
adequate expressions for the chemical properties of the 
substances. The ordinary chemical constitution formula 
is intimately related to the idea of a molecule, but in the 
crystalline state the idea of a molecule as an individual 
system has lost its significance. This fact alone goes far 
to explain why the chemical constitution formula ceases 
to express the structure of solids. The final conclusion 
arrived at is that the substances belonging to the sircon 
group -zenotime included — have in the crystalline state a 
structure corresponding to the formula M*O a M a O a , which 
might be called the constitution formula of the solid state ; 
this constitution formula may, however, be quite different 
from the chemical constitution formula of the substances, 
or from the constitution of the liquid, gaseous, or ionic 
form.” (P. 531, 1917). 
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The object in quoting extensively is to show that not 
only differences of opinion exist with regard to matters 
relating to valency, but that speculative studies in respect 
of cohesion (5, first part) probably point the way to a 
wider or rather a more extended view of the whole sub- 
ject, whilst experimental evidence, as instanced by X-ray 
analysis (5, last part), is of great value. 

A note of caution should be here sounded, namely, that 
quotations from speculative papers do not necessarily 
imply that they are to be regarded as anything more than 
an attempt to solve a difficult problem. 


VOLUMETRIC ESTIMATION OF ZINC BY 
ACIDIMETRIC TITRATION. 

By R. HOWDEN, B.Sc.Edin. 

The zinc should be present as chloride, and the solution 
should be free from salts of other heavy metals and of 
ammonium. A sulphuric acid solution does not give good 
results. Drain off nearly all free acid by evaporation to 
low bulb, then dilute to about 20 cc. Add a drop of 
methyl-orange solution, then carefully neutralise with 
N/10 caustic soda ; as zinc chloride is quite neutral to 
methyl-orange this is easily done. A few drops of phenol- 
phtbalein solution are added, and the acid in combination 
with the zinc is titrated with the N/10 caustic soda. 
Towards the end of the titration the solution should be 
heated to boiling, and the termination of the titration is 
indicated by a pink colour which does not disappear when 
the solution is boiled. The N/to NaOH may be 
standardised against a solution of known concentration 
prepared from pure zinc. The precipitate of zinc hydrate 
does not interfere, the end point is perfectly sharp, and 
experiment shows that absolutely concordant results can 
be obtained. 


ON THE PHENOMEMA OF FLUORESCENCE. 

By DESMOND GEOGHEGAN' 

Fluorescence was the name given by Stokes to designate 
certain phenomena which he observed when following 
up the investigations in the same subject of Herschel 
and Brewster. Stokes noticed that under certain con- 
ditions the rays of light are capable of undergoing a 
change of refrangibilily. Herschel and Brewster had 
observed that some varieties of calcium fluoride (fluorspar), 
and also certain other substances when in solution, 
appeared colourless when looked at by transmitted light, 
but when viewed by reflected light presented an appearance 
which varied with the material used, being of a bluish 
colour in some solutions and of a greenish colour in 
others. Stokes found that this property, which as before 
stated he called fluorescence (on account of it having been 
first observed in fluorspar), is characteristic of a large 
number of substances other than fluorspar ; thus if by 
means of a lens of long focus, preferably made of quartz, 
a line of the sun’s rays be focussed on a solution of quinine 
sulphate, rendered more soluble by the addition of two 
drops of 6trong sulphuric acid, contained in a glass trough, 
a beautiful cerulean blue cone of light is formed which is 
much brighter on the surface and whose intensity rapidly 
diminishes as it penetrates the liquid. 

It thus appears that fluorescence is due or is caused by 
the rendering visible to the eye of the ultra-violet rays. 
During the process of the invisible ultra violet rays be- 
coming visible, certain rays of the spectrum are necessarily 
absorbed. Thus rays of light which have passed through 
a sufficient thickness of a fluorescent substance lose 
thereby the power of exciting fluorescence when they are 
passed through a second layer of the same substance. As 
an example of this phenomena the following experimen 


should be performed by the reader -.—Half fill a test-tube 
with a solution of quinine sulphate or other fluorescent 
substance and bold the tube in the sunlight. Thus held 
the liquid appears brightly luminous, but it will lose this 
luminosity if it be dipped into a trough containing the same 
liquid which is so arranged that the suu’s rays fall on its 
front. This absorption also results from a comparison of 
the absorption spectrum of a fluorescent substance with 
the appearance presented by that substance when the 
spectrum falls on it. When the fluorescence begins there 
also begins the absorption, and to a maximum of absorp- 
tion corresponds a maximum of fluorescence. The 
phenomena is 6een when a solution of quinine sulphate 
contained in a glass trough with parallel sides is placed in 
different positions in the sclar spectrum. No change is 
observed in the upper part of the spectrum, but from about 
the middle of the Frauenhofer lines G and H to some 
distance beyond the extreme range of the violet, rays of a 
beautiful sky-blue colour are seen to proceed. These now 
rendered visible ultra-violet rays also become visible when 
the spectrum is allowed to fall upon paper impiegnated 
with a solution of jesculin C21H24O13 (a glucoeide 
extracted from horse chestnuts, and from the barks of 
other trees of the Genera J. Esculus and Pavia), an alcoholic 
solution of stramonium, or a plate of canary glass (which 
is coloured by means of uranium oxide). If light be 
allowed to fall upon paper impregnated with barium 
platino-manganide a beautiful green fluorescence is 
observed. 

Again, if a few drops of a strong solution of fluorescein, 
C20O5H12, in soda or NH 4 OH, be allowed to fall into a 
large beaker of water in the front of which the sunlight 
falls, beautiful fluorescent clouds are first produced, and 
upon shaking the liquid the whole vessel fluoresces 
with a bright green light. 

This change, as with all the phenomena of fluorescence, 
arises from a diminution in the refrangibilily of the ultra- 
violet rays which are ordinarily too refrangible to render 
them visible to the eye. 


SUBSTANCES DISSOLVED IN RAIN AND SNOW. 

By VERNON C. SI1IPPEE and LUCIA IORDYCE. 

We continued the work of Peck (Chemical News, 1917, 
cxvi., 283), and analysed forty-one different precipitations, 
twenty-eight of rain and thirteen of snow that fell between 
September 29, 1917, and June 1, 1918. The rains and 
snows during the period are the equivalent of 17 9 inches 
of rain. 

An attempt was made to discover if there is any relation 
in regard to the time between two piecipitations and the 
amount of the various substances found in the water. 
Sometimes it seemed that such a relation might be 
established, but results obtained at other times led us to 
question any such relation. Wc came to the conclusion 
that years instead of months of observation might be 
necessary to establish a relation of this character. 

It is popularly believed that there is a larger amount of 
nitrates in precipitations that fall during a period of 
electrical disturbance. Our work failed to show any 
larger amounts in the rain, even duiing a severe tbundtr- 
sterm. 

Attention is called to the results obtained from the 
snowfall of December 5, 1917, as the highest found during 
the year. It may be explained by the fact that the snow 
was more or less contaminated by the autumn leaves with 
which it became mixed. 

Except in the early Fall, the highest amounts of sul- 
phates were obtained during the winter, but they were less 
than those found in the precipitations of the previous year. 
We have concluded that much of the sulphate comes from 
the sulphur in coal, and as there was a serious coal shortage 
during the past season and wood was used instead to a 
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greater extent than usual, th e may explain the smaller 

amounts. 

We tested for phosphate early in the course of this 
work, and to our surprise we found it to be present. We 
then made several blank tests using distilled water of 
unquestioned purity, and in no case did we detect any 
trace of phosphate. A number of tests for carbon dioxide 
were made, bat we were not able to detect its presence. 


OBSERVATIONS ON THE RARE EARTHS. 

VI. The Purification and Atomic Weight of 
Dysprosium. 

By H. C. KREMERS, B. S. HOPKINS, and £. W. ENGLE. 

(Concluded from p. 310). 

9. The Ratio of Dysprosium Chloride to Silver . 

The first application of this ratio to any of the rare 
earths was by Baxter and Chap'n in their determination of 
the atomic weight of neodymium ( Proc . Am, Acad., 1911, 
xlvi., 215 ; Journ Am. Qhem. Soc., 1911, xxxiii., 1 ; Zeit. 
Anorg . Chcm 1911, Irx., 1). Baxter and Stewart also 
used this ratio in their work on the atomic weight of 
praseodymium (Journ. Am. Ckem. Soc., 1915, xxxvii., 
516). Some very concordant results were obtained by this 
ratio. Since anhydrous dysprosium chloride could very 
readily be obtained it was decided to apply the above ratio 
to thia element also. 

A preliminary determination was carried out with the 
use of some sodium chloride. Sodium chloride was re- 
crystallised three times from conductivity water and 
freshly prepared hydrochloric acid. E»ch yield was 
centrifugally drained. A sample of this was fused and 
weighed, transferred to a glass-stoppered Jena Erlenmeyer 
fltsk of 1*5 litres’ capacity, and dissolved in conductivity 
water. Silver was weighed out to within a fraction of a 
mgr m. of the calculated amount. This was dissolved in pure 
nitric acid in a 750 cc. Erlenmeyer flask containing a column 
of bulbs to retain the spray. The silver nitrate solution 
was diluted and added to the salt solution and the flask 
shaken for two hours in a dark room. On the following 
day a portion of the clear liquid was tested in the 
nephelometer and indicated a slight excess of chlorine. 
The calculated amount of silver was added from a standard 
solution and the flask 'allowed to stand for twenty-four 
hours, when the nephelometer test indicated exact equi- 
valence. In this experiment 2*96480 grms. of nodium 
chloride required 5*47146 grms. of silver for complete pre- 
cipitation, giving 0*54186 for the ratio NaCl : Ag. Richards 
and Wells obtained the ratio 0*54185. 

The anhydrous dysprosium chloride, from the oxide- 
chloride ratio, was dissolved in the quartz flask and the 
solution transferred to the Erlenmeyer precipitation flask. 
Assuming the atomic weight of dysprosium to be 162 5, 
samples of silver were weighed out, being usually within a 
mgrm. of the calculated amount. The weighed silver was 
dissolved as described above, diluted to 400 cc., and added 
to the dysprosium chloride of about the satae dilution. 
The flask was then shaken for two or three hours and 
allowed to stand for forty eight hours. The solution was 
then cooled to neatly o° in order to reduce the solubility 
of the silver chloride and portions tested in the nephclo- 
meter. Portions of standard solutions of silver or sodium 
chloride were added until the nephlometer test indicated 
equivalence. After each addition of standard solution the 
flask was shaken for one hour and allowed to stand 
for twenty-four hours. In order to determine whether 
true equivalence was obtained the following experimentF 
were carried out : — After equivalence had been obtained 
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I in Sample r, approximately 1 mgrm. excess of silver was 
I added, and after standing for twenty-four hours the exact 
equivalent of sodium chloride was added. The following 
day exact equivalence was again found in the solution. 
In Simple 2 after equivalence had been obtained 1 mgrm. 
excess sodium chloride was added. Altec twenty-four 
hours its equivalent of silver was added. Equivalence was 
again obtained in the solution. From the foregoing tests 
it was proven that true equivalence was obtained in the 
solutions. In Sample 3 the silver ratio was not obtained 
because of loss in the transfer of the solution. 

The weighings were carried out in the same manner as 
described under the oxide-chloride ratio. The specific 
gravity of silver was taken as xo 53 and its atomic weight 
as 107*88. The following values were obtained by the 
chloride silver ratio: — 



Weight of 

Weight 

Ratio 

Atomic 

Sample. 

DyCl». 

of silver. 

DyUa: jAg. 

weight. 

I. 

I 04979 

1*26301 

X : 1*20309 

162 62 

2. 

1 95604 

2 * 353 $o 

* : * *20334 

16257 

3 - 

1*00255 

— 

— 

— 

4 - 

*47475 

1 7^>4 

x : 1*20362 

16251 

5 - 

1-26253 

*•5199* 

1 : x 20386 

162-45 

6. 

0-99677 

1*20033 

1 : 1*20421 

162-38 

7 - 

*•*1374 

2 68806 

1 . 1*20338 

162*56 

8. 

1*20763 

*•45325 

1 : 1*20339 

162*56 

9 - 

225129 

270992 

1 : 1*20371 

162*49 



Mean 


162*52 


Since the chloride-silver ratio gave values considerably 
lower than the oxide-chloride ratio, an attempt was made 
to determine whether a constant error existed in either one 
or both of the ratios studied. The difference in the results 
might be caused by one or more of the following 
possibilities : — 

1. Absorption of hydrogen chloride by the anhydrous 
dysprosium chloride, thus giving a lower atomic weight 
with the chloride-silver ratio and a higher value with the 
oxide-chloride ratio. 

2. Volatilisation of the dysprosium chloride, thus giving 
a higher atomic weight with the oxide-chloride ratio with- 
out affecting the result with the chloride-silver ratio. 

3. Incomplete decomposition of the oxalate in igniting 
to the oxide. The presence of a small amount of carbonate 
in the oxide would give a higher atomic weight with the 
oxide-chloride ratio. This would not affect the chloride- 
silver ratio. 

To determine whether hydrogen chloride was absorbed 
a sample of the anhydrous chloride was prepared in the 
usual way, and after fusion the hydrogen chloride was re- 
placed by pure nitrogen. After all traces of hydrogen 
chloride had been swept out of the flask tbe chloride was 
gradually brought up to the fusion-point by means of an 
electric furnace. A current of nitrogen was continually 
passed through the flask, and from the outlet tube was 
bubbled through silver nitrate solution. As tbe salt began 
to fuse a gradual evolution of chloride ion was noticed. 
This slow evolution of chloride ion was not diminished 
even though the salt was kept fused for two hours. Upon 
solution of tbe dysprosium chloride in water a slight 
amount of basic chloride was formed. Since tbe evolution 
of chloride ion was not sudden at the point of fusion but 
began to be evolved gradually after fusion had taken place 
and continued to be evolved seemed to indicate that the 
source of the chloride ion was from the decomposition of 
the dysprosium chloride only. 

No deposit of the chloride wp.s noticed in the cooler 
outlet tube of the flask. Hopkins and Baike found that 
their anhydrous yttrium chloride did not occlude any 
hydrogen chloride (Journ. Am. Chert. Soc., 1916, xxxviii , 

Another example of cx‘de wag weighed and the chloiide 
dehydrated in the regular way but not fured. The tem- 
perature was then kept at 360' for 144 hours while 
hydrogen chloride was continually passed through the 
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flask. At the end of this time the determination was com- 
pleted in the regular way. The ratio 1 : x ‘43933 was 
obtained, giving an atomic weight of 163*509. Tnis in- 
dicated that there was no volatilisation of the chloride at 
this temperature. Engle and Balke in their determina- 
tion kept the temperature at this point for two hours. In 
the determinations as described in this paper the tem- 
perature was not held at this point for any length of time. 

Engle and Balke obtained as a mean of five determina- 
tions the value 164*228. This value is considerably higher 
than that obtained in the present work. Incomplete 
decomposition of the oxalate in ignition to the oxide 
might account for this high value. The oxide in deter- 
mination No. 5 of the present work was ignited consider- 
ably higher than the other samples, and was found to give 
a much lower atomic weight by the oxide-chloride ratio. 
Since the values obtained by the chloride-silver ratio were 
lower than those obtained by the oxide-chloride ratio of 
both the present and the former investigations, it seemed 
possible that in neither case had a pure oxide been 
Obtained. 

Dr. E. Wichers, working in^hiB laboratory on the 
oxide-chloride ratio for erbium, discovered that his erbium 
oxide contained some carbonate. The dysprosium oxide 
in the present investigation was tested in a manner similar 
to that followed by Dr. Wichers. A sample of the oxide 
was ignited in the regular way for seven hours at 8oo° and 
one hour at 900°. The oxide weighed o 9299 grm. The 
oxide was introduced into the flask in the regular way and 
the flask connected to the train. Previous to this the 
dilute sulphuric acid in the first tower of the train had been 
replaced with xo per cent sodium hydroxide solution and air 
passed through the train until no test for carbon dioxide 
could be obtained by passing the exit gases through 
Geissler bulbs containing lime water. The exit tube from 
the flask was connected by means of a two-way stopcock 
to two Geissler bulbs containing freshly prepared lime 
water. Air was passed through for some time and the 
exit gases passed through one of the Geissler bulbs. No 
visible precipitate was obtained. The exit gas was now 
directed through the other Geissler bulb by turning the 
stopcock. While the air was passing, the inlet tube of 
the reaction flask was loosened and dilute nitric acid in- 
troduced. By allowing the acid to seep through the 
ground joint a seal was thus made and the slight back 
pressure in the flask prevented the air from entering. 
The inlet tube was now replaced and air allowed to pass 
for one hour. Meanwhile the flask was warmed to 6o° 
and the oxide dissolved. Quite an appreciable precipitate 
could be noticed in the lime water at the end of this time. 
From the result of this test it was proven quite con- 
clusively that the oxide as prepared contained some 
carbonate. ThiB no doubt accounts for the high result 
obtained by the oxide-chloride ratio. 

Since platinum became too volatile and distilled into 
the oxide when ignited for any length of time above 
900° an attempt was made to ignite at a much lower 
temperature in high vacuo. Accordingly a platinum boat 
containing the oxalate was placed in a quartz tube and 
ignited for eight hours at 700° by means of an electric 
tube furnace. During this ignition the quartz tube was 
kept evacuated to less than 1 mm. pressure. The tube 
was then allowed to cool, and dry carbon-dioxide-free air 
was allowed to enter until atmospheric pressure had been 
reached. The transfer of the oxide to the reaction flask 
was made in an air-tight box. This box was made of 
wood well impregnated with paraffin and contained a 
sliding plate-glass cover. The reaction flask was placed 
in the box and the end of the quartz combustion tube 
was fitted into a hole cut in one end of the box. Dry 
carbon-dioxidefree air was passed into the box for some 
time, and in addition an open dish of solid potassium 
hydroxide was placed inside to absorb the carbon dioxide. 
By inserting the hands into rubber gloves fitted into holes 
cut in the sides of the box the boat could be drawn from 
the tube and the transfer made with the minimum amount 


of carbon-dioxide present. The value obtained by the 
oxide chloride ratio in this case was 167*46 as the atomic 
weight. Two more determinations were carried out by this 
modification. In place of the platinum boat an alundum 
boat of the highest grade alundum was used and a tem- 
perature of approximately 950° was maintained in the 
ignition. The values 164*26 and 167*61 were obtained. 

One more modification was tried. Two samples of the 
oxalate were ignited in an alundum crucible for ten hours 
at a temperature of iooo°, and tbe transfer was made in 
the regular way as described in the former part of this 
paper. The values obtained were 164*55 *nd 164*40. 

It seems probable that tbe oxide when allowed to cool 
absorbs carbon dioxide with extreme rapidity and does 
not lend itself to the manipulation as here used. It also 
appears that the hot oxide when transferred in the air 
absorbs enough carbon-dioxide to vitiate the results. 
From the experimental data obtained it seems quite 
evident that the oxide-cbloride ratio cannot be applied to 
dysprosium by the methods thus far tried. The ratio is 
accordingly being abandoned in favour of the chloride- 
silver ratio which has given good results in this laboratory. 

10. Summary . 

1. Dysprosium material already in a high state of purity 
was further fractionated aB the ethyl sulphates and the 
bromates. The ethyl sulphates were found to be more 
efficient for the separation of dysprosium from neodymium, 
praseodymium, and terbium. Neither of tbe two methods 
was found efficient for the separation of dysprosium from 
holmium. 

2. The hydrate, Dy 2 (S 0 4 ) 3 . 8 H 2 0 , was not found to be 
constant in composition when dried over sulphuric acid. 

3. The ratio Dy 2 0 3 : DyCI 3 was further studied. The' 
value 163*83 as the atomic weight was obtained as the 
mean of nine determinations. A study has been made to 
account for the difference of this value and that of a 
higher value (164*228) obtained in a previous investigation. 

4. In studying the ratio DyCl 3 : 3Ag the value 162*52 
was obtained as the mean of eight determinations. A 
comparative study of the two values has been made to 
account for the difference in tbe values obtained by the 
two methods. 

S'. The dysprosium oxide as prepared for the oxide- 
chloride ratio by ignition of the oxalate was found to con- 
tain some carbonate. Several different methods for pre- 
paring a pure oxide were tried, but by no method could 
concordant results be obtained by the oxide-chloride ratio. 

6. The results obtained by the oxide-chloride ratio are 
accordingly discarded in favour of the results (162*52) 
obtained by the chloride-silver ratio. 


PROCEEDINGS OF SOCIETIES- 

INSTITUTE OF CHEMISTRY. 

Local Section i-ormed at Liverpool. 

• * 

In accordance with the decision arrived at at the Extra- 
ordinary General Meeting of tbe Institute of Chemistry 
held on April 27, local sections are now being formed in 
various important centres. 

The Inaugural Meeting of the Liverpool and North- 
Western Section of tbe Institute was held at the North- 
Western Hotel on Thursday, September 12, Mr. G. 
Watson Gray in the Chair. 

The Registrar, who was in attendance by the direction 
of the Council, referred to the objects to be attained by 
the establishment of local sections as follows : — 

(a) To create a local organisation for Fellows and 
Associates of the Institute, to maintain the status 
and advance the interests of the profession of 
chemistry, to afford opportunities for intercourse 
amongst tbe members, to arrange conferences and 
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the delivery of lecture*, and to provide for the 
acquisition and dissemination of useful information 
connected with the profession and the work of the 
Institute. 

(b) To give information to candidates desirous of joining 

the Institute, to report to the Cooncil of the 
Institute when requested on applications from such 
candidates, and to provide for assistance, if desired 
by the Council, in the supervision of local 
examinations of the Institute. 

(c) To advise the Cooncil with respect to matters of 

local professional interest. 

(d) To report to the Council on the transactions of the 
Section with a view to publication in the Proceeding s 
of the Institute. 

(#) To co-operate with the Registrar in connection with 
the Appointments Register of the Institute. 

(/) When found practicable to form a library or museum, 
or both. 

The Committee and the Secretary of the Provisional 
Liverpool Section (Mr. John Hanley) were appointed to 
act in the same capacity for the newly formed body. 

The draft rules for local sections and a new scheme for 
the election of the Council of the Institute were discussed, 
and the views of the Liverpool Section on these matters 
will be reported to the Cooncil of the Institute at an 
early date. 

It is anticipated that local sections will also be in- 
augurated, during the coming session, at Manchester, 
Birmingham, Edinburgh, Glasgow, Gretna, and probably 
other centres. 


THE SALTERS* INSTITUTE. 

Sal sapit omnia. 

The Salters* Company have at this critical period in the 
nation's history decided to establish an Institute of In- 
dustrial Chemistry. There can be no two opinions as to 
the value to the country of such a step, and we can con- 
fidently look forward to a rapid development of the 
scheme. 

The particulars of the proposed institute are given below, 
and are in every way commendable. As the success of 
the institution will very largely depend upon the Director 
we hope that the company will be fortunate in its choice 
of the man to fill the appointment. The holder of such a 
position should, of course, possess the highest technical 
qualifications ; but what is of even greater importance be 
should have that enthusiasm and “ will ” power which 
will infect bis students and raise their work above the mere 
acquisition of the knowledge of present-day chemistry. 

We heartily congratulate the Salters* Company upon 
their patriotic decision and wish it very great success. 

Scheme for the Establishment or the Salters’ 
Institute. 

1. An Institute will be established to be called 14 The 
Salters* Institute of Industrial Chemistry.’* 

2. The Institute will be, at present, at the Salters* 
Hall. 

3. The Institute will be placed in charge of a Director 
pooacssing an exceptional knowledge of Scientific and 
Industrial Chemistry, who will establish relations with the 
various Universities and Technical Institutions, as well as 
with the various branches of the Chemical trade, in order 
that be may be in a position to assist Students and others 
desirous of becoming Industrial Chemists as to their 
coarse of study and the best openings for their work. 
The principal duties of the Director will be : — 

(а) To make arrangements with Universities and In- 

stitutions to enable Students to obtain facilities for 
Research and Technical Training. 

(б) To arrange between Manufacturers and Students 

and Universities, for the investigation of any par- 
ticular problems requiring research. 


(c) To give practical advice and information to those 

who are, or intend to become, Industrial Chemists, 
and especially to men whose careers have been 
interrupted or affected by Naval, Military, or 
National Scivice. 

(d) To advise the Company generally as to the progress 
and any possible extension of the work of the 
Institute. 

4. The Company will establish two types of Fellow- 
ships for which Post-graduate Students of any recognised 
University will be eligible. The two classes are as 
follows : — 

(i.) Fellowships to enable Post-graduate Students to 
continue their studies at an approved University 
or other Institution under the general supervision 
of the Director of the Institute. 

(ii.) Industrial Fellowships to enable suitably equipped 
Chemists to carry on research for any particular 
Manufacturer, under an agreement which will be 
entered into between the Institute, the Manu- 
facturer, and the Fellow. 

5. Grants in aid may also be made to a certain number 
of persons who desire to improve themselves in the know- 
ledge of their particular work by attending Technical 
Establishments or Evening Classes, at which they can 
obtain a better grasp of their subject. 

BRITISH ASSOCIATION OF CHEMISTS. 

With a view to the establishment of a Birmingham 
Local Section of the British Association of Chemists a 
meeting of chemists of Birmingham and the Midlands was 
held at the University on September 26. Mr. P. L. 
Wilson (Coventry) presided over an attendance num- 
bering nearly 100. 

The Chairman explained that the object was to discuss 
the policy of the British Association of Chemists and to 
elect a local committee. In London and in other districts 
local committees had been formed, and his belief was that 
Birmingham was now prepared to fall into line. 

Prof. Hinchley (London) delivered an Address, in 
which he urged that in the industrial reconstruction which 
was to take place after the war the chemist must be given 
a proptr and adequate place. The Ministry of Recon- 
struction was, like the British Association of Chemists, 
feeling its way. The proposals embodied in the Whitley 
Report would figure largely in reconstruction policy, and 
it was essential that professional men generally should 
assist the Government by giving it the benefit of their 
collective opinion. In the chemical trade the Council had 
already been formed, but only the employer and the work- 
man wire represented. The chemist was at present 
without representation. He was in the intermediate 
position, bot the importance of bis views could hardly be 
overestimated. There were few industries in which the 
chemist did not play a part, and it seemed to him that he 
was more likely to take long and sane views than either 
the employer or the worker. The time had arrived when 
the industrial chemist should face facts. He was not 
organised. There existed, of course, the Institute of 
Chemists and a number of excellent educational societies, 
but little attention was given to economic considerations. 
The question of remuneration must be gone into. Before 
the war there were in some districts chemists who were 
receiving less money than the ordinary workers. The fault 
of the chemist was that he was too much of an individua- 
list, and it was desirable in the interests of his profes- 
sion that there should be more esprit de corps . The aim 
should be for collective betterment. Many positions 
ought to be filled by chemists which were occupied by 
men who were not chemists ; they saw medical men acting 
as analytical chemists. In a monetary sense the position 
of the industrial chemist had improved during the war, 
but the point to be considered was whether that improve- 
ment would be maintained. Unity for protection was 
wanted. 
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The question of qualification was a difficult one ; but 
be thought it could be satisfactorily dealt with. “ What 
is a chemist ? *' It was like the question : “ What is an 
engineer ? ” The chemist was a man who used his brain 
to solve chemical problems. There were many invaluable 
men besides the research chemists. Some regard must 
be had for laboratory practice if the academic qualification 
were absent. The line to be drawn must not be too 
sharp ; there should be grading ; but a main consideration 
was that the interests of all, the rank and file, must be 
protected. The British Association of Chemists was 
formed because it was felt that there was something 
wrong with the organisation of chemists — something 
wrong with the Institute of Chemistry. The latter had 
been gingered up by the Biitish Association of Chemists, 
and as it was rapidly gaining members he was glad to 
feel that it would soon be a strong body. It should be 
able to tackle legal and parliamentary questions which 
could not be dealt with by a protective association. He 
believed the Institute was now a real live body, and doing 
excellent work. 

Professor Hinchley pointed out that the regulations 
oi the British Association of Chemists were in draft 
form, but they had yet to be further revised. Still 
be felt that local sections might get to work on the basis 
of the regulations, and that chemists might be organised 
by districts or by industries. Each section elected a com- 
mittee, and each committee sent a delegate to the Central 
Executive. Local sections would be given as much 
autonomy as possible, but care must be taken not to con- 
flict with the main principles provided in the regulations. 
It was desirable that the local sections should confer with 
the main body before making any departure. In their work in 
Manchester his efforts had been directed towards obtaining 
unanimity on the committee. “ I am not ashamed of the 
word 1 trades-union,’ ” said the Professor amid applause. 

“ A large number of chemists are ashamed of that word. 
Neither employers nor workers are ashamed of the word, 
and I do not th<nk chemists need be ashamed of it. I am 
perfectly in agreement that 1 the strike ’ as a weapon 
generally hurts the people who strike more than the people 
against whom it is directed. In a well-organised com- 
munity it ought to be possible to solve questions without 
striking and without any methods of warfarc^hear, hear), 
and yet we see great nations adopting warfare on the 
failure of negotiation.” On the question of registration 
of the British Association of Chemists nothing had been 
settled yet ; there were several alternatives, but in Man- 
chester the legal view was that it would be advisable to 
register under a special clause of the Companies’ Act. 

Mr. Blackwell (Aston), Hon. Sec. of the Birmingham 
Section of the National Association of Industrial Chemists, 
spoke of the progress made by this body (which recognised 
the trades union spirit), and slated that the National 
Executive had been in communication with the Ministries 
of Labour and Reconstruction. The final issues of the 
conferences would shortly be published ; these would show 
that the National Association would be represented on the 
councils in connection with the Whitley Report and Re- 
construction. It had been suggested that the Association 
was a Lab-boy6 f union, and that it was attached to the 
Smelter’s Union ; that suggestion was due to the fact that 
the Association originated at Sheffield. It had no as- 
sociation with the Smelter’s Union, and it was not a 
Lab-boy’s union (hear, hear). Many of their members 
were chief chemists. The Association fully recognised 
the importance of technical efficiency, and in Birmingham 
a series of classes had been organised by it ; three of such 
classes were now in operation. At the Association’s Mid- 
land headquarters, the Birmingham Chamber of Com- 
merce, an up-to-date chemical library was being formed. 
Moreover, the National Association was the only body 
that had attempted to form an employment bureau. The 
Association’s bureau was in working order, and only 
recently fifteen chemists were supplied through it to the 
Government, who made application to the bureau. At the 


first meeting of the Reconstruction Council the Associa- 
tion’s representative wou d ask that a living wage should 
be paid to every chemist in the country (hear, hear). 
Care had been taken in framing the membeiship qualifica- 
tions, and these had been so graded as to provide for the 
various interests. 

Mr. Alex. E. Tucker, speaking as an old works’ 
chemist, urged the importance of individual effort among 
the junior members of the profession. Letters of intro- 
duction and the personal warrant constituted the finest of 
guarantees and practically assured good appointments. 
He did not like the association of the trades union 
principle in connection with the organisation of the pro- 
fession. He advised the countenancing of the Institute of 
Chemistry, which represented the blue ribbon of the pro- 
fession ; it was modifying its rules, and it appeared likely 
that it would afford facilities for admission for all com- 
petent chemists. It appeared to him that the raison d'etre 
of the British Association of Chemists had not been 
made out. 

Dr. Parker (University of Birmingham) pointed out 
that the pioneers of the British Association of Chemists 
insisted upon a high qualification for membership, but it 
appeared to him that the evidence upon this point was now 
not altogether satisfactory. The conditions regarding 
qualification in the National Association were, in his judg- 
ment, altogether too elastic. The chemists who started 
the British Association of Chemists made the mistake of 
asking for the views of all chemists, and he suggested 
that the influence of the textile chemists, many of whom 
were not properly qualified, was altogether too dominant 
on the Executive. 

Mr. Rhead took exception to the latter statement, and 
pointed out that when important decisions were arrived at 
at Manchester roo qualified chemists were present. 

At the request of the Chairman, Prof. Hinchley and 
Mr. Blackwell explained the qualifications for admission 
to the British Association of Chemists and the N tional 
Association of Industrial Chemists respectively. 

Mr. F. C. A. H. Lantsberry (Birmingham) stated that 
he was one of the pioneers of the British Association of 
Chemists, but he could not see eye to eye with the pre- 
sent policy of the Executive. Instead of his difficulties 
being removed they had increased. When the Executive 
Committee met the Council of the Institute the former 
stated that if the Council would reform itself on lines 
which were indicated there would be no necessity for the 
continuance of the Brit : sh Association of Chemists. The 
Council of the Institute decided upon a policy of reforma- 
tion. In these circumstances he failed to see why the 
British Association of Chemists should continue in 
existence. The Institute had already shown that it 
intended to carry out its promises, and he bad received an 
official request asking him to form a Birmingham section 
as soon as he possibly could. The interests of chemists 
did not require the aid of three societies. The difficulty 
in the organisation of chemists was in regard to quali- 
fication. Those of the National Association did not com- 
pare satisfactorily with those of the British Association 
of Chemists, and his view was that the latter’s objects 
could be attained by the Institute. Chemists who con- 
sidered that they bad qualifications for the Institute should 
apply for admission, or join one of the local sections 
which would be formed upon definite lines. 

Mr. Rhead denied that any agreement was made that 
the British Association of Chemists would go out of 
existence if the Institute did certain things. That was an 
unfortunate misunderstanding. The British Association of 
Chemists’ function was in one sense quite distinct from 
that of the Institute, in that it would pay close regard for 
economic questions. Later on it might be well to tighten 
up the British Association of Chemists’ ‘‘qualifications’* ; 
but at the present time too much attention could not be 
paid to the academic question. More eiprit de corps was 
essential in the ranks of chemistry, and there should be 
no antagonism among the various organisations, 
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Mr S. C. Farrar urged tbe importance of clearly 
settling the qualification question at the present time. 

In bringing the discussion to a close the Chairman 
stated that, in view of the ambiguity of the admission con- 
ditions to the National Association, be could not regard it 
as a qualifying body. At the same time there was work 
on tbe economic side which it could do, and be hoped that 
it, as well as the British Association of Chemists, would 
flourish. He felt that tbe average professional chemist 
must have a higher standard upon which to woik than that 
stipulated by the National Association ; while with regard 
to the British Association of Chemists be cherished tbe 
hope that later on it would be prepared to improve its 
qualifications on the lines of tbe Institute which was tbe 
qualifying body. On the economic side the British As- 
sociation was in advance of tbe Institute ; still he thought 
tbe two might work together. 

On the motion of Mr. G. B. Stones, seconded by Mr. 
W. H. Stokes, the following resolution was passed : — 
“ That this meeting resolves itself into a group which will 
consist of all those chemists who desire to remain members, 
or to become members, of tbe British Association ol 
Chemists.” A committee of twelve to carry on tbe busi- 
ness of tbe Birmingham section was appointed. 


SOCIETY OF CHEMICAL INDUSTRY. 

Proposed Chemical Engineering Group. 

In connection with tbe proposal to form a chemical 
engineering group of the Society of Chemical Industry a 
postcard canvas is being made of the members. The 
questions, to which a reply is asked, include the following : 
— 1. “Are you interested in the development of chemical 
engineering ? ” 2. “ Are you in favour of the formation 
of a chemical engineering group, or section of tbe Society 
of Chemical Society ? ” 3. ** Would you prefer that a 
separate organisation of the Institute of Chemical En- 
gineers be formed ? ” 4 “ Are you in favour of tbe 

formation of a separate organisation as in (3) above, in 
the event of failure on account of legal or other difficulties 
to establish a group or section of tbe Society of Chemical 
Industry ? ” 


NOTICES OF BOOKS. 


Chemical French. By Maurice L. Dolt, Ph.D. Easton, 
Pa. : Tbe Chemical Publishing Co. London : Williams 
and Norgate. Tokyo: Maruzen Co., Ltd. 1918. p P . 
viii 4*398. 

This book contains a series of graduated exercises in 
French on chemical subjects, and is designed for the use 
of students who want to acquire a knowledge of tbe 
language for the purpose of taking advanced degrees. 
Tbe first exercises are quite easy and suitable for be- 
ginners, though those who knew no French whatever 
would have to have a good grammar to refer to or they 
would make very little headway. Tbe later exercises deal 
with subjects in inorganic chcniii 4 iy, analysis, organic, 
physical, and industrial chemistry, while the second part 
of the book contains original articles published in vaiious 
scientific journals by some of the best known French 
chemists, Good vocabularies are given for each exercise, 
as well a a a complete alphabetical vocabulary at the end 
of the book together with a table of the principal pari9 of 
the irregular verbs. The vocabularies will undoubtedly be 
found very useful, as they give many words and phrases 
which are not to be found in an ordinary dictionary, 
and the subjects of the extreme* are chosen *10 as to 
covsr a very wide range. No giammatical rules or ex- 
planations are given, but the use of tbe book as an 
alternative to a text book and good technical and ordinary 


dictionaries will probably lighten tbe average student's 
labours and give him considerable help in reading scientific 
French. 


Rotkamsted Experimental Station Report , 1815-17. Har 
penden : D. j. Jeffery. 1918. Pp. 71. 

The 41 Report of the Rothamsted Experimental Station ’* 
for 1915- 17 shows that, in gp.te of difficulties, the mote im- 
portant lines of enquiry which had been begun there 
before the wsr are being pursued, although the pro- 
ram me of work has naturally undergone considerable modi- 
cation. New problems which have recently arisen have 
bad to be investigated, and in order to keep well in touch 
with practical conditions an ordinary farm of 230 acres has 
been acquired in addition to the experimental area. The 
special work done includes, among other subjects, the 
study of tbe breaking up of grass-land, and some valuable 
results have already been obtained, while there still 
remains much to be done. The morphology of tbe wire- 
worm is to be made the subject of special investigations, 
and it has already been found that it is extraordinarily 
resistant to various poisons, the best soil sterilisers 
apparently being heat. There is need for further work on 
the organisms of tbe soil, and problems connected with 
yields of wheat require investigation ; it is pointed out 
that, in spite of all the experimental data which have been 
accumulated, the yields of good years are no better than 
they used to be, although in bad years the average yield 
is not quite so low as it was forty years ago. Tbe report 
contains summaries of tbe papers which have been pub- 
lished by the workers at the station, as well as statistical 
tables of field trials and other experiments. 


Chemistry of Food and Nutrition. By Henry C. Sher- 
man, Ph.D. Second Edition, Rewritten and Enlarged. 
New York : The Macmillan Company. 1918. Pp. 
xiii + 454. Price 2.00 dols. 

This book treats of the principles of the chemistry of food 
and nutiition with special reference to tbe requirements 
of man. It is intended primarily for the use of college 
students, and the readers are supposed to have a fair 
knowledge of organic chemistry, and might with advantage 
have previously worked through a short introductory 
course on the chemistry of foods. Special attention is 
paid to the subject of dietaries, and some controverted 
questions are di&cutsed in considerable detail, the views 
of various workers being carefully analysed, and the 
author's own conclusions, which are not always in com- 
plete agreement with those usually accepted, are given in 
outline. On the subject of the economic use of food he 
has some original suggestions to make, and be always 
makes a special point of weighing evidence and avoiding 
exaggeration and over emphasis. Very large numbers of 
references are given to each chapter, and the student *bo 
consulted even half of them would have undertaken a very 
complete couise of reading and should be thoroughly 
conversant with modern developments of the subject of 
nutrition. 


Circular of the Bureau of Standards. No. 73. Copper. 

Washington: Government Printing Office. 1918. Pp. 

103. Price 20 cents. 

This circular gives accurate information, systematically 
arranged, as to the physical properties of pure and com- 
mercial grades of copper. Methods of manufacture are 
discussed only in relation to the pb>sicai properties, and 
the presence of impurities and their influence on the pro- 
perties is aUo shortly treated. The selection on metallo- 
graphy is illustrated by phriomicrographs. Every effort 
has been n nde to include only ?uch data as arc believed 
to be correct, and much of the infoituation has been 
obtained as the results of tents and investigation* made by 
the Bureau. Copies of the circular may be obtained from 
tbe Superintendent of Documents, Government Printing 
Office, Washington. 


Digitized by CjOOQie 



328 


< Chemical News, 
( Oct. ii, 1918 


German Poit War Plans. 


Lectures on the Principle of Symmetry and its Practical 
Application in all Natural Sciences. By F. M. Jaeger, 
Pb.D., Professor of Inorganic and Physical Chemistry 
in the University of Groningen, Holland. 305 pages 
with 170 illustrations. Publishing Company, “ Elsevier,” 
Amsterdam. 1917. 

Prof. Jaeger is to be congratulated upon being one of 
the few teachers who has been able to pursue bis calling 
unhindered by events that are absorbing the thoughts and 
energies of most people. The lectures of which the book 
is the outcome were delivered at Groningen during 1916- 
1917, and the publication of such a work at the present 
juncture is greatly to the credit of the author and his 
publishers. 

The book is dedicated to William Jackson Pope, for 
whose researches in crystallography the author expresses 
his admiration. 

The principle of symmetry is universal, extending into 
the domains of both animate and inanimate nature. Re- 
search in the sphere of its highest development in crystal- 
line matter has recently received a very great impulse by 
Prof. Laue’s discovery of the diffraction of X-rays by 
crystals and by the subsequent work of Friedrich Knipping 
and Bragg. 

The author deals exhaustively with the Rontgen patterns 
given by various crystal substances, and lays stress on the 
great aid that this means of analysis has proved in the 
bands of Prof. Bragg and his son. 

Much space in the book is devoted to the evidences of 
symmetry in animate nature, and numerous remarkable 
illustrations are given in the geometrical forms of diatoms, 
plants, seeds, and the lower animals. 

As might be expected from an author of such standing, 
each of the numerous branches of the subject is developed 
very fully, and very free use has been made of illustra- 
tions, greatly helping to make his meaning clear. 

The book makes a valuable addition to the literature of 
this deeply interes:ing subject, and will doubtless be used 
as a book of reference by teachers in physical chemistry. 
Full references are given to authorities quoted, and there 
is a thoroughly good index. 


CORRESPONDENCE. 

THE KING'S FUND FOR THE DISABLED. 

Who will Follow His Majesty’s Lead ? 

To the Editor of the Chemical News. 

Sir,-— His Majesty the King has been graciously pleased 
to give not only his name, but also the magnificent sum 
of £78,000 to the fund which was recently inaugurated to 
assist disabled officers and men of the Navy, Army, and 
Air Force to become useful members of the community 
again. 

We, the Trustees of the Fund, for whom I sign as 
Chairman, appeal to the humanity, the gratitude, of every 
one of your readers, man, woman, and child, for a sub- 
scription which will help to find a new place in civil life 
for officers and men of His Majesty's Forces disabled in 
the war, and for the widows and children of officers and 
men who have given their lives for us. 

“ Why doesn’t the Government do that ? ” some readers 
will ask. 

Briefly, a State Pension scale must be bard and fast. 
Outside that scale there is a greet human field which the 
King’s Fund can cover, in which the officer, the man, or 
the dependent can be put on his or her feet and given a 
sound re establishment in civil life. 

A State scheme must be a classification according to 
the type ; the King’s Fund passes beyond classification, 
and acts, not as a public official, but as a private friend. 

The present facts are : — 


We are receiving 600 applications a week. 2500 
cases have been dealt with thus far. Where the 
officer or man has been trained by the Ministry 
of Pensions, or where there is a business given up 
for war service, which he can restart, an adequate 
grant can be made. 

The Fund is a Monument of Gratitude. 

It will cheer our gallant fighters to see that monu- 
ment rising to £3,000,000 — the amount aimed at. 

So let us, therefore, have the money — and quickly. 
Urgent cases are waiting. 

The King leads off with his great gift of £78,000. 

Who will follow the King’s lead ? 

Contributions should be sent to the King’s Fund for the 
Disabled, Westminster House, Millbank, S.W. 1. 

All cheques and postal orders should be crossed. 

For the Trustees, 

John Hodge, Chairman. 

GERMAN POST WAR PLANS. 

Glass a m Key ” Industry. 

To the Editor of the Chemical News. 

Sir,-— On behalf of the members of the Glass Industry 
Interim Industrial Reconstruction Committee which has 
been formed (under tbe ;egis of the Ministry of Recon- 
struction, the Board of Trade, and the Ministry of 
Labour) of an equal number of representatives of Em- 
ployers’ Associations and Employees’ Unions in every 
section of the glass industry, I hope you will allow me 
to call attention through your columns to the vital 
significance to this country of certain trade developments 
contemplated in Germany. 

We learn from the German Press that after the war 
Germany will seek to restore her credit abroad by a con- 
centration of eiTort upon the export of certain chosen 
manufactures. Chemicals are named as tbe first of these 
manufactures, then comes glass. 

Now, Sir, the glass industry of tbe world is not in tbe 
first rank of importance in the eyes of Germany, because 
of its relative size and volume, or because of tbe wealth 
it will directly bring to the German people. There is 
another and a greater reason than that. Tbe reason for 
the choice of glass is this : that it is a key to the gate of 
many other industries. A nation holding the monopoly 
of glass could hold up nearly all other trades. We can 
make hardly anything without using glass at some stage 
of its manufacture, even if glass is not an actual part of 
the finished product. 

More usually glass is part of the finished product ; 
perhaps in no great quantity, but however small its use, 
wherever it is, it fulfils a role that is essential. Oar welfare 
and comfort in health and in sickness, our ships, our 
trains, our homes, our food — in almost every side and 
thing of life glass has its place. 

And not in peace alone but also in war. 

When the history of the war is laid bare it will be found 
that the difficulty of making glass for lenses and prisms, 
and for test-tubes, crucibles, and retorts, hampered tbe 
work and equipment of our fighting forces to a dangerous 
extent, and tremendous efforts were needed to save the 
situation. When the history of the anti-submarine 
campaign is written it wi 1 be found that glass played an 
important role. 

Before the war the British glass manufacturer and bis 
men had, owing to Germany’s hold, little chance of profit 
or employment. Under war conditions it has been diffi- 
cult to produce tbe vital requirements of the country fast 
enough. There is now opening in this trade for invest- 
ment of capital and for well paid skilled labour. Will it 
last ? It will be in danger after the war if not supported 
in a prompt and practical way. 

At a recent meeting of the Imperial War Conference 
there came up for discussion the freeing of industry in 
Great Britain from dependence on German dyestuffs. 
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Now you cannot make dyes or any other products with- 
out glass. Yet we do not read that the Imperial War 
Conference has discussed British dependence on German 
glass ! 

Oar industry is ready to do its part ; the manufacturer 
is ready to put into his works the best available plant, and 
the workmen are prepared to use this plant to the best 
advantage. This is a big job, but it does not frighten us. 
We only ask of our rulers, and of the public, that they will 
give to glass its proper position in the national life of the 
country. 

We want to manufacture in Great Britain under con- 
ditions that will give— (1) security and return to capital, 
(2) security and a return to brains (management and 
technical advisers), (3) security and substantial wages and 
good conditions of employment to our workers. 

To put our trade in good position to meet the future 
progress has already been made. In the Society of Glass 
Technology we have a common meeting ground for labour, 
capital, science, and technics, and every branch of the 
industry is to be represented on our Committee and the 
District Councils under iL We are organising ourselves. 

But this is not enough. Germany’s rise has been 
attributed directly to the English policy of the 11 open 
door.” We of the glass industry fear that the pobcy of 
the open door may be carried to such an extent that the 
British glass industry may become extinct. 

On this point employers and workers think alike. Re- 
form of this condition and help during our reconstruction 
period is not a political question but a business proposition. 
The German Government will spare no pains or expense 
to secure return to their virtual monopoly In optical and 
chemical glare and their commanding position in glass 
generally, because they perceive very truly how that 
return would lead to supremacy in other industries and 
manufactures. The British glass industry does not intend 
to allow this return if it can help it. But we ask from our 
rulers some support. We do not ask them to bolster up 
an inefficient industry so that we make profits at the 
expense of the Nation, but we do ask that the industry be 
given the chance of full development, and that a “key” 
industry be saved from the hands of Germany, determined 
to capture it at all costs because it is a “ key.”— I am, &c., 
John Stokes, 

Chairman of the Glass Industry Interim Industrial 
Reconstruction Committee. 

54, Newington Green, London, N. 1 6, 

S* pternber, 1918. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 


N 0TC ._AII degrees of temperature are Centigrade unless otherwise 
expressed. 

Comptes Rendus Htbdomadaires des Seances dt l 1 Academic 
des Sciences. Vol. clxvi., No. 21, May 27, 1918. 

Syntheses in the a - Naphthindol Series.— J. 
Martinet.— a-Naphthylamine condenses with ethyl or 
methyl meaoxalate to give an a-napbthodioxindal-car- 
bonate. Either of these ethers can be converted into 
a-napbtbodioxindol by treatment with potash in a current 
of hydrogen at the temperature of the water bath followed 
by the addition of hydrochloric acid. When treated with 
aqueous potash in the air they condense to give the 
alkaline naphthisatate, from which «-napbthi*atine can 
readily be obtained by treatment with hydrochloric acid. 

No. 22, June 3, 1918. 

e-Oxyclnchonine.— E. Lfeger.— Bv heating a solution 
of basic sulphate of cinchonine with four times its weight 
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of a mixture of equal weights of water and H2SO4, the 
author and Jungfieisch obtained two substances which 
they regarded as the products of oxidation of cinchonine, 
for which they suggested the names •- and d-cxy- 
cinchonine. Further investigation of the a substance has 
now shown that it is not an oxycinchonine, but a-oxydi- 
hydrocinchonine, formed by the addition of a molecule of 
water to cinchonine. 

No. 23, June xo, 1918. 

New Method of Determining Mercury by Zinc 
Filings. — Maurice Francois. — In an acid liquid zinc 
precipitates mercury from its salts, and then the zinc can 
be dissolved out by means of hydrochloric acid, in which 
mercury is insoluble. Tne mercury thus separated from 
zinc amalgam always masses together to form a globule, in 
which state it is easily weighed. It is best to conveit 
salts of mercury into the iodide by the addition of potas- 
sium iodide, and the sulphide must first be oxidised to give 
the sulphate. The method is very accurate. 

Isatic Acids. — J. Martinet. — By the addition of the 
calculated quantity of hydrochloric acid to alkaline solu- 
tions of the corresponding isatines the author has isolated 
5-methyli8atic acid, 57-dimethylisatic acid, and a- 
napbisatic acid. These acids dissolve immediately in 
alkalis, giving yellow solutions without giving the inter- 
mediate violet coloration of the corresponding isatines. 

The Amide Function.— J. Bougault. — The author’s 
work on the acidylsemicarbazides and the acidylbydrcx- 
amides has led him to the conclusion that the acid amides 
have normally the constitution expressed by the formula 
RCOH.NH and not R.CO.NH*, as has bitheito been sup- 
posed. He has also shown that the two isomeric series 
cannot be transformed into one another by simple re- 
actions and are not tautomeric. 

No. 24, June 17, 1918. 

Direct Transformation of Secondary and Tertiary 
Amines into Nitriles.— Alphonse Mailhe.— In a previous 
communication the author and M. de Godon showed that 
it is possible to transform diisoamylamine and triisoamyl- 
amine into isoamyl nitrile by passing the vapours over 
finely-divided nickel heated to 330 — 380°. Hydrogen and 
isoamylene are evolved. It has now been found that the 
reaction is general, and a great many nitriles have been 
prepared. The general equations are : — 

(ChH** + i)*NH — aHa + CnHjA + CnHan-.N, 

(C#Hj»i+i)jN»2H2-f xC»Haii f C«H2 *-iN. 

Isatines containing Quinoline Nucleus.— J. Marti- 
net. — From the dioxindol-3 carbonic ethers and tetrahydro- 
quinoline bates it is possible to obtain substances pos- 
sessing both an indol and a quinoline nucleus. The 
alkaline saponification of these ethers in the air gives rise 
to the corresponding isatates, and from these the isatines 
can be prepared. 

Method of Determining Halogens, Sulphur, and 
Nitrogen in Presence of Mercury.— Maurice Francis. 
— In order to determine the halogens in presence of 
mercury the latter may be precipitated by zinc filings, 
when the halogen will combine with the zinc and can be 
determined in the usual way. To determine sulphur in 
the sulphide, a bydrobcomic acid solution of bromine is 
added, which converts the sulphide into sulphate. Zinc 
filings are then added, and after filtration the sulphide is 
estimated in the liquid by precipitation as batium sulphate. 
Nitrogen in ammoniacal compounds can also be deter- 
mined by first removing the mercury by zinc filings. 

No. 25, June 24, 1919 

Constitution of a Salt from Plants from the 
Cameroons.— A. Lacroix.— The natives of the Cameroon 
region, by lixiviation of the ashes of plants, extract a salt 
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consisting essentially of potassium chloride. The author 
has analysed a specimen of such salt obtained from a 
plant which is Panhum crus Galls . It contained about 
83 5 per cent of potassium chloride, 7-1 per cent of calcium 
potassium sulphate (syngenite), and 3*9 per cent of potas 
•inm sulphate. Sodium chloride, magnesium chloride, 
and silica are also present, but no carbonates. 

Decomposition of Glycerin in presence of various 
Catalysts : Formation of Ethyl and All; 1 Alcohols. 
— Paul Sabatier and Georges Gsudion.— When glycerin 
vapour is passed over alumina heated to about 360° carbon 
monoxide, methane, acrolein, and some higher aldehydes 
are formed. When copper at 330° is used as a catalyst 
large quantities of hydrogen are evolved, mixed with 
methane and carbon monoxide, while one-third of the total 
volume of gas consists of carbon dioxide. The 1 quid 
obtained contains ally! and ethyl alcohols, and propyl and 
other aldehydes. With ursnous oxide the reaction is very 
similar to that with copper, but higher proportions cf 
hydrogen and carbon dioxide are evolved. 

Bornylene Camphor and a New Dicamphor, Iso- 
dicamphor. — Marcel Guerbet. — When sodium methylate 
acts on camphor a small quantity of bornylene campbar 
is obtained, but the chief product of the reaction is a c:m- 
pound of formula C20H30O2 which is a dicamphor, isodi- 
camphor. It yields a mono and diox me, and the author 
has prepared its dibrom derivative. 


MISCELLANEOUS. 


The Ceramic Society.— The Fifth Meeting of the 
Refractory Materials Section of the Ceramic Society will be 
held in the Technical College, Swansea, on Thursday and 
Friday, October 17 and 18, 1918. Ihe Vice-President, 
Mr. W. J. Jones, Deputy- Controller of Iron and Steel 
Pioduction, Ministry of Munitions, London, will preside. 
Several papers will be read. Hon. General Secretaiy : 
Dr. J. W. Mellor, Stoke-on-Trent. 

Absorption of Methane and other Gases by Coal* 
— In Tichnical Pap*r No. 147 of the Bureau of Mines ex* 
periments are described on the absorption of gases from 
various mixtures of coal. The results show that after 
exposure to air the coal absorbs about twice as much as 
when freshly mined, the quantities being about 0*08 cc. 
and 0 x6 cc. per grm. of coal respectively. Nitrogen may 
be absorbed and evolved by coal. Coal in equilibrium 
with a mixture of nitrogen and methane absorbs gas with 
a fall in temperature and evolves gas with a rise in tem- 
perature. As far as the experiments show the absoiption 
seems closely analogous to the absorption of gases by 
charcoal. 


SALTERS’ INSTITUTE OF INDUSTRIAL 
CHEMISTRY. 

APPOINTMENT OF DIRECTOR. 

'T'hs Salters’ Company require a DIRECTOR 

j to take charge of the SALTERS' INSTITUTE OF 
INDUSTRIAL CHEMISTRY, now being founded to encourage 
Research in Industrial Chemistry and the training and welfare of 
Students in that trade. 

Applicants should possess exceptional qualifications, an intimate 
^knowledge of Scientific and Industrial Chemistry, and a capacity for 
'organisation. 

A substantial salary will be paid to the Director, who will be 
ultimately required to devote his whole time and attention to the 
affairs of the Institute. The Company, however, are prepared to con- 
sider applications from those who may not be able at once to comply 
with this condition. 

Applications, by letter only, should be addressed to the Clerk of 
the Salters' Company, Salters’ Hall, St. Swithln's Lant, London, 
PC. 4. 


'J'O comply with Regulation § (&) of the Defence ot the Realm 
Act, advertisements from firms whose business consists 
wholly or mainly in Engineering, Shipbuilding, or tbs production 
of Munitions of War, or of substances required for the production 
thereof, must include the words " No person resident more than 
tea miles sway or already engaged on Government work will be 
engaged." 


A ssistant Chemist required by large Engin- 
eering Works. Knowledge of Gas, Fuel, and Water Analysis 
essential. Apply, stating age, training, and salary required, to your 
nearest Employment Excharge, ouoting No A 6117. No one at pre- 
sent engaged on Government work need apply. 


A NALYTICAL LABORATORY.— Assistants 

P* wanted ; must be conversant with Volumetric Work and pre- 
ferably h.ve knowledge of Pharmacy. £90 to £ 130.— Address, Box 661, 
Smith's Agency, Ltd., ioo, Fleet Street, E C. 4. 


/^hemist, invalided from the Army, seeks en- 

gagentent, prefersbly in the south of England. Experience in 
manufacture of Heavy Chemicals and Organic Products. Speciality 
the Rare Metals and their compounds.— Address, D. G., Chemical 
Nkws Office, 16, Newcastle Street, Farringdon Street, London, E.C. 4. 


f 'hemist, twenty-seven years’ experience in 

^ Iron and Steel Works' Analysis, requires Post. Aged44. —Address, 
William Graham, 34, Cimla Road, Neath, Glamorganshire. 

J unior Chemist required for Factory near 

London. £200 to £250, according to qualifications.— Address, 
stating qualifications, to Box 564, Willing's, 125, Strand, London, 
W.C.2 

Oesearch Chemist wanted. Knowledge of 

Organic Chemistry and experience in General Metallurgical 
Analysis essential. No one At present engaged on Government work 
need apply.— Apply, stating age, experience, and salary required, to 
yovr nearest Employment Exchange, quoting No. A 6131. 

Oesearch Chemists wanted, with good know- 

ledge of Physical and Electro chemistry. Salary, £700 to £350 
according to qualifications and experience.— Apply to the Salt Union, 
Ltd., Weston Point, Runcorn. 


\\7orks Analytical Chemist required. One 

* V conversant with Soap Manufacture, Nicotine Extractions, and 
Agricultural and Horticultural Preparations. State full particulars 
and salary required.— Address, VV. A , Chemical News Office, 16, 
Newcastle Street, Farringdon Street, London, E.C. 4. 


DOLARI SCOPE, by Heele, with 

-I- mm. and 200 mm. tubes Almost as new. 
Rose, Chemists. Dewsbury. 


vernier ; ioo 

£11 10s.— Address, 


\A7 anted, CALORIMETER for Fuels- 

V * Mahler Bomb, Rosenhain, or other standard pattern. State 
full particulars and price.— Address, "Calorimeter,” CHhMiCAL Nfws 
Office, 16, Newcastle Street, Farringdon Street, London, E.C. 4. 


UNIVERSITY OF DURHAM. 

ARMSTRONG COLLEGE, 
N ewoastle - upon - Tyne. 

Principal— Sir W. H. HADOW, M.A., D Mus., J.P. 
Acting-Principal— Professor J. WP.IGHT DUFF, M A , D.Litt. 

SESSION 19x8-19. 

Commencing SEPTEMBER 23rd, 1918. 


particulars of Curricula for University Degrees 

^ and College Diplomas in PURE SCIENCE, MECHANIC\L, 
MARINE, CIVIL, and ELECTRICAL ENGINEERING, NAVAL 
ARCHITECTURE, MINING, METALLURGY, AGRICUL- 
TURE, ARTS, and COMMERCE, and of Fellowships, Scholar- 
ships, and Exhibitions, on application to — 

F. H. PRUEN, M.A., Secretary, 

Armstrong College, Newcastle-upon Tyne. 


ORDER THE PAPER. 


In consequence of the “ No Returns Order ' 1 of the 
Government, readers of the * 4 Chemical News" are 
requested to ensure a regular supply of the paper by 
placing an order with their Newsagent* 
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SPECIAL . NOTICE TO SUBSCRIBERS. 

The recent paper restrictions have compelled us 
to publish only fortnightly instead of weekly for a 
time, but we are now glad to be able to announce 
that we are to be allowed a further supply of paper, 
which will enable us to revert to weekly publication 
in the near future. 

Beginning with No. 3064, to be published on J&nu&ry 
3 , 1919, the Chemical News will agAin appear weekly, 

and the dates of expiration of subscriptions will be 
adjusted accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their subscription 
periods. The price will remain unaltered, viz., £1 
for fifty-two numbers, or pro rata. 


ON THE PREPARATION OF FUMAR 1 C NITRILE* 
The Action of Hydrtxyi.amine on Fumaric 
Nitrile. 

By L. M* MASTER and F B. LANGRKCK. 

Tiie nitrile of fumtric acid was prepared tome years ago 
in the Chemical Laboratory of Washington University by 
heating fum tramide with phosphorus pentoxide, bat the yield 
was very small (Reiser and Kessler, Am. Chem. Joum ., 
1911. xlvi., 523). The constitution of this nitrile was 
established by transforming it back into fumaramide and 
lumaric acid (Reiser and McMaster, Am. them, Joum.. 
1913, xlix.. 81). 

To inquire farther into the methods of preparation and 
the properties of this nitrile is the purpose of this work. 
At first, experiments were made to improve the methods 
of making the nitrile and then the action of bydroxylamine 
upon it was studied. 

Preparation from Fumaramide. 

Preparation of Methyl Fumarate .— Twenty grins, of 
pure fumaric acid was dissolved in 120 cc. of absolute 
methyl alcohol and the solution boiled for eight hours on 
the water bath. During the heating a stream of dry 
hydrogen chloride was pissed through the solution. After 
cooling, the contents of the flask practically solidified. 
The mass was broken up and the crystal* of dimethyl 
fumarate were filtered off on a suction filter. They were 
washed with 10 cc. of ice-cold alcohol and dried by 
drawing air through them while on the filter. Yield, 19*5 
grins, of large white glistening leaves; m.p. 102 \ Tne 
recorded m.p. is 102° (Anschutz, Ber ., 1879, xii., 2282). 
Tors method was found to give the best yield of several 
tried. The alcoholic filtrate was evaporated to about 
50 cc. and a second crop of crystals obtained. These, 
however, required a recrvstallisation from hot methyl 
alcohol to rid them of a yellowish colour. 

Preparation of Fumaramide . —Nine grms. of the dimethyl 
fumarate was treated with 35 cc. of ammonia water, sp. gr. 
o 90. The mixture was placed in a flask and allowed to 
stand, with occasional shaking, for twenty four hours (see 
Hagen Ann.. 1841, xxxviii., 275). The fumaramide 
formed at a fine white powder. It was filtered off, dried 


on the filter, and then heated in an air-bath at 1 io°. The 
filtrate, containing some unchanged ester, was saturated 
in the cold with ammonia gas and allowed to stand for 
twenty-four hours, whereupon further formation of the 
amide took place. The total yield was 6-2 grms. of 
fumaramide which melted, after carbonising, at 266°.* 

Preparation of the Nitrile. — Reiser and Kessler (loc. 
cit.) obtained a yield of o 15 grm. of nitrile (5 6 per cent 
of theory), by beating 5 grms. of fumaramide with 15 grms. 
of phosphorus pentexide to 120° in a crystallising dish, 
covered with a cocl funnel, on the walls of which the 
sublimate of nitrtle condensed. This method was re- 
peated a number of times, and the best yield we could 
obtain from $ grms. of amide was 016 grm. of nitrile (6 
per cent of theory). 

We then carried out the reaction in a retort, and passed 
a current of dry air over the mixture to carry away the 
nitrile as fast as it was formed. A water-cooled condenser 
was substituted for the funnels. The retort was heated to 
170° in an oil-bath. Experiments, using 3 grms. of 
fumaramide, gave yields ot nitrile that varied from 12 to 
i$ per cent ot theoretical. It was now decided to carry 
out the reaction in the presence of dry nitrogen instead of 
air. The nitrogen was frepared from air by means of 
Van Brandt’s apparatus ( Joum . Am. Chem. Soc., 1914, 
xxxvi., 144S). Twenty five per cent yields of the nitrile 
were thus obtained. 

Attempts were made to prepare the nit* tie by heating 
zinc fumarate with lead, barium, and potassium thio- 
cyanates, but no yields could be obtained. 

We alto carried out experiments in an attempt to 
prepare the amide and nitrile of maleic acid. While our 
work on these compounds has been very much more 
extended than that previously done in this laboratory, the 
results were not satisfactory (Reiser and McMaster, Am. 
Chem. Joum ., 1913, xlix., 81). 

The Action of llydroxylamine on Fumaric Nitrile. 

Fumaric nitrile, being a dinitrile, should yield a di- 
amidoxime when treated with hydroxylamine according to 
the equation— 

/NOII 

H— C— C=N H— C — CY 

|| +2NH 2 OH-> HONx II \NI! 2 - 

N=C-C-H >C-C-H 

H a N X 

Preparation.- Oat grm. of fumaric nitrile was treated 
with 177 grms. of bydroxylamine hydrochloride and 1*36 
grms. of sodium carbonate, dissolved in 20 cc. of water. 
After the evolution of carbon dioxide had ceased a clear 
solution resulted. The mixture was allowed to stand 
fifteen hours, at the end of which time a bulky white mass 
bad separated out of solution. After filtering, this white 
mass was recrystallised from hot water and formed as fine 
white needles. They melted shaiply, with carbonisation, 
at 212°. At temperatures below 212° the crystals slowly 
blackened, and it was necessary to make tbe determina- 
tion by plunging the m. p. tube into sulnburic acid at or 
near 212 0 . Yield, 0 32 grm. This procedure was repeated 
a number of times. 

Properties.— The substance is fairly soluble in cold 
water and veiy soluble in hot water, from which it 
crystallises as slender sparkling needles. It is insoluble 
in ether and cold ethyl alcohol and but slightly soluble in 
hot alcohol. It is insoluble in chloroform and acetone 
and readily soluble in glacial acetic acid. 

The aqueous solution gives no precipitate with potas- 
sium chromate or picric acid solutions. It gives a deep 
red colour with ferric chloride solution, which is 
characteristic of amidoximes. Bromine water and 
alkaline potassium permanganate solution are rapidly 
decolorised by tbe aqueous solution. Silver nitrate solu- 
tion precipitates a white salt from the aqueous solution. 
This salt, when heated, deflagrates and leaves a residue 
of silver. 
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Dry hydrogen chloride pawed into the glacial acetic 
acid solution of the compound precipitates a white sub- 
stance which is very soluble in water. This precipitate 
melts at 212^, hydrochloric acid being split off during the 
heating. Evidently the hydrochloride of the original 
compound had been formed. 

Boiling the compound with wa er for twenty hours 
failed to transform it into fumaramide, as was expected. 

Analysis . — If the compound is the diamidoxime and has 
the formula C 4 HsN 4 0 2l it should contain 38 89 per cent 
N, 33*31 per cent C, and 5 60 per cent H. We made five 
determinations of carbon and six of hydrogen, each of 
which agreed quite well with the figures just given. We 
made six determinations of N, the results varying from 
30*25 per cent to 33 33 psr cent. The determinations 
were made by all the different modifications of the 
Kjeldahl method. Since we could obtain no check results 
by the Kjeldahl method, determinations of the amount of 
nitrogen were made by the Dumas method, which proved 
to be successful. 

Calculated for C 4 H8N 4 O a — C, 33*31; H, 5 60; N, 
38 89. Found— C, 33*43 (average of five deter- 
minations); H, 5 95 (average ol six determina- 
tions) ; N, 38-55 and 38 51. 

Our results of analysis check quite closely with those 
calculated for the diamidoxime. The compound has the 
solubilities in the different organic solvents characteristic 
of amidoximes. The other reactions mentioned are also 
those characteristic of amidoximes We therefore are 
of the opinion that the new compound prepared by treating 
fumaric nitrile with hydroxylamine is fumardiainidoxime 
and has the formula given above. 

If, after removing the white mass of fumardiamidoxime 
first formed in the reaction, we extract the filtrate with 
ether, there is obtained from the ether extract a yellow 
cotton-like substance which rapidly darkens when exposed 
to the air. It melts, with carbonisation, at 105°. Analysis 
showed it to consist of 43 70 per cent C, fi* 49 per cent H, 
and 25 61 per cent N.J 

Summary. 

The method of preparation of fumaric nitrile by the 
action of phosphorus pentoxide on fumaramide has been 
improved. Twenty-five per cent yields, in contrast to 
former 6 per cent yields, have been obtained. 

The action of hydroxylamine upon fumaric nitrile has 
been studied, and we have prepared the diamidoxime of 
fumaric acid. Its properties are described. — Journal of 
the American Chemical Society , xl., No 6. 


CONTACT INSECTICIDES.* 

Physical Properties Governing their Efficacy. 

By WILLIAM MOORE, 

Head of Section of Research in Economic 7 . oolotfy, 
and S. A. GRAHAM, 

Assistant in Entomology, Minnesota Agric .Rural Experiment Station. 

It was considered by Shafer (16)+ that the vapour of con- 
tact insecticides such as kerosene, gasoline, creolin, and 
pyrethrum were responsible for the death of insects to 
which these materials were applied. It was therefore 
assumed as a working basis that the volatility of oiganic 
compounds, which has previously been shown to be an 
index of the toxicity of their vapours to insects (11, 12), 
would also be an index of the toxicity of these compounds 
when used as contact sprays. In working with insect 
eggs (14), however, it was found that materials not suffi- 
ciently volatile to kill insects or their eggs by their vapour 
w ; .thin a reasonable length of time, were among the most 
effective materials when applied to the eggs as liquids. 


* From the Journal of Agricultural Research. 
t Reference is made by number to “ Literature Cited " at end of 
paper. 


Further studies in which different fractions of kerosene 
were used (13) revealed the fact that the least volatile 
fractions were the most effective as contact insecticides, 
while they failed to kill insects which were exposed only 
to their vapour. 

With these results in mind it was considered advisable 
to determine the physical properties governing the entrance 
into the insect of a contact insecticide, and wherein this 
differs from the penetration of the vapour. 

Wetting and Spreading of the Insecticide . 

It is common observation that when some contact 
insecticides strike an insect they form into round droplets 
which roll off the body, while others spread out, forming 
a film over the insect. This phenomenon of the spreading 
out of the insecticide over the body has been often termed 
“ wetting' 1 or “ spreading,” and is often confused with the 
wetting and spreading of the insecticide ovtr the sutface 
of the leaves sprayed, the terms “ wetting ” and (< ^prex ding ” 
being used synonymously. Vermorel and Dantony (18, 
19, 20), Lefroy (5), and more recently Cooper and Nnttall 
(2) have studied the physical principles governing the 
wetting and spreading of contact insecticides and have 
endeavoured to dtvise means by which these important 
propeities may be easily measured. In all of these paprrs 
the authors have failed to distinguish between wetting 
and spreading. In this paper a distinction will be drawn 
between these two terms. If a liejuid is placed upon a 
solid, and there is a specific attraction between the two, 
they will come into actual contact. The slight chemical 
affinity exhib ted between the two substances is what is 
denoted as wetting, or adhesion between the liquid and 
the solid. For example, if a drop of mercury is placed 
upon glass, there is no specific attraction between the two, 
owing to the film of moisture and air on the surface of 
the glass (3). Hence, the mercury is said not to wet 
the glass, and there is no adhesion between the two. By 
boiling the mercuiy in a glass tube and thus expelling the 
moisture and ait between the mercury and the glass, it is 
found that there is an actual wetting of the glass by the 
mercury, as is indicated by adhesion. 

It a liquid is brought into contact with a solid and 
wetting takes place, the spreading of the drop into a thin 
film may or may not occur. The law governing spreading 
has been carefully explained by Cooper and Nultall (2). 
They find that if the surface tension of the substance upon 
which the spray is placed is greater than the surface 
tension of the spray plus the surface tension at their 
interface (interfacial tension), the liquid will spread. 
Otherwise there will be no spreading. Bigelow and 
Hunter (1) have given a very much simpler explanation 
of the whole matter. They consider that if a liquid is in 
contact with a solid — that is, actually wetting the solid — 
two forces are at work. 

First, the cohesion between the like particles of the 
liquid which, in the surface layer, is denoted by the 
phrase 44 surface tension,’* and, second, the adhesion 
between the liquid and the walls (solid). 

Thus, if adhesion to the solid is stronger than the 
cohesion of the liquid, the liquid will spread over the 
solid. The same law applies when two liquids are in 
contact. The following experiment will serve as an 
example : - If a filter-paper is soaked in water and spread 
out fiat on a glass plate, a drop of kerosene on this wet 
paper will quickly spread into a thin film. In this case the 
adhesion between the water and the kerosene is greater than 
the cohesion of the kercsene. On the other hand, if the 
filter-paper is soaked in kerosene and a drop of water 
placed upon it, the water dots not spread out into a thin 
layer. In this case the cohesion of the water is .greater 
than the adhesion between the water and the kerosene, 
which is the same in both experiments. Thus, it is clear 
that there must be wetting before there can be spreading, 
but it does not necessarily follow that when there is 
wetting there must be spreading, for otherwise the water 
would have spread over the kerosene. 
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One other factor has a considerable influence on the 
spreading of an insecticide — namely, viscosity. Viscosity 
may be defined as “the internal friction of a liquid,” 
Although the viscosity does not influence the ultimate 
extent to which a liquid may spread, it does have a very 
decided influence on the rate of spread. It is possible 
that a liquid may be so viscous that the rate of spread 
may be reduced to such an extent as to make it valueless 
as an insecticide. 

From the foregoing statements it is apparent that when 
a spray strikes an insect, if there is a chemical affinity 
between the insecticide and the chitin which forms the 
nuter covering of the insect, wetting will take place and 
the insecticide will adhere. If the cohesion of the spray 
is less than the adhesion between the chitin and the spray, 
then the liquid will spread over the body of the insect. 
The rate at which this spreading will take place is governed 
by the viscosity of the liquid. If the cohesion is greater 
toan adhesion, the spray will form into droplets which 
tend to roll off. The same result is obtained when the 
spray does not wet the insect. It is apparent therefore 
that in a contact insecticide it is important not only that 
the liquid should wet the chitin, but also that the adhesion 
of the liquid to the chitin should be greater than the 
cohesion of the liquid. 

Relation between Spreading amt Capillarity . 

The rise of a liquid in a capillary tube is governed by the 
same laws as the Bpreading of a liquid over the surface of 
a solid. First, unless the liquid has a specific attraction 
for the material of which the tube is composed (wetting), 
there can be no capillary rise. Second, unless the 
adhesion between the liquid and the walls of the tube is 
greater than the cohesion of the liquid, there can be no 
capillary rise. This is well shown by Bigelow and 
Hunter's (i) studies of the rise of water in capillary tubes 
of different materials. In their experiments the cohesion 
of water remained the sains, but owing to different degrees 
of adhesion between the water and the walls of the 
capillary tubes, variations were noted in the height to 
which the liquid rose in tubes of different materials. It is 
evident, therefore, that since the tracheae are lined with 
chitin, similar to the covering of the body wall, in- 
secticides which will spread over the body will also 
penetrate the trachea; by capillarity, while thore insecticides 
which do not spread over the insect, even though they 
may come in contact with a spiracle, will not be able to 
penetrate the trachea;. 

Contact insecticides may therefore be divided roughly 
into two groups : — First, those which wet the insect, and, 
owing to greater adhesion than cohesion, are able to 
spread over the surface of the body and pass up the 
trachcse by capillarity. Second, those which wet the 
insect, but which, owing to a higher cohesion than 
adhesion, are able neither to spread over the surface nor 
to gain entrance into the trachea: by capillarity. 

Penetration of Liquids into Trachetr. 

From the results of Cooper and Nuttall (2) it would 
appear necessary to make determination of the surface 
tension of the insecticide, the surface tension of the chitin, 
and the surface tension at the interface of the chitin and 
the insecticide before it could be determined whether or 
not the liquid would spread over tbe body and penetrate 
the tracheae. From tbe results of Bigelow and Hunter (1), 
however, tbe capillary rise in a tube really determines 
whether the adhesion between the liquid and tbe solid is 
greater than the cohesion of the liquid, or, in other words, 
ir a means of determining whether the suiface tension of 
the solid is greater than tbe surface tension at the inter- 
face between the solid and the liquid plus the surface 
tension of the liquid. By placing an insect in the 
insecticide to be studied for a short period and then dis 
sec ting it, it is possible to determine whether or not the 
insecticide baa penetrated the tracheae, and approximately 
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bow far. Thebe results give an index of the spreading 
ability of the different materials. 

Tbe cockroach (Ulatella germanica , L.) was used in 
the following experiments (or determining the penetration 
of insecticides into tbe trachea: . The results wete 
checked over with certain of the compounds, using tbe 
wax-moth laiv<e ( Galleria mellonella ), tbe lar\;c of the 
Indian meal moth ( Plodia inter punctilio, Hbn.), and 
certain aphids. The methods of procedure were as 
follows The liquid to be tested was stainsd with Sudan 
III. or trypan blue, both of which are colloids, and there- 
fore will not pass through a semi permeable membrane. 
The cockroach was placed into the liquid and allowed to 
remain for from fifteen minutes to two hours, depending 
upon the viscosity of the liquid. After a sufficient time 
bad been allowed for the liquid to penetrate, tbe cock- 
roach was removed and opened on tbe ventral side. Tbe 
tracheae which were penetrated by the material stood out 
either red or blue, and it was very easy to determine the 
extent of the penetration. 

It was found that aqueous solutions other than soap 
solutions do not penetrate tbe trachea. It was interesting 
to note that both nicotine and absolute alcohol are able to 
penetrate tbe trachea:, but when greatly diluted with water 
they are no longer able to enter. Those substances 
which in an aqueous solution rxhibit surface viscosity, 
such as saponin, gelatin, and casein, do not penetrate the 
trachea:. Those materials have frequently been employed 
in preparing emulsions (4, 20, 21). Compounds which are 
soluble in ether or ate capable of dissolving fats or oils are 
able to spread over the body of the cockroach and penetrate 
the trachea:. Such substances as acetic acid, furfurol, 
and nicotine are not particularly good fat solvents, and it 
may be noted that they did not penetrate any great 
distance into the tracheae. Compounds with a high 
viscosity, such as lubricating oil, failed to penetrate far 
into the tracheae ; but if these viscid substances had been 
given a longer time they would undoubtedly have 
penetrated much further. Some soap solutions, such as 
ivory, gel at room temperatures in dilutions ordinarily used 
in spraying (1 : 150 or 200), and are therefore unable to 
penetrate to any great extent. The penetration of such a 
soap solution is increased when its cohesion is reduced by 
raising the temperature of the solution. Soft soap and 
yellow soap were liquid at the same dilution and penetrated 
better than Ivory soap, while Castile soap, manufactured 
from tbe liquid oleic acid, penetrates very well. 

According to Morgulis (15! the exact chemical com- 
position of chitin is still questionable. From our results 
its composition must be such that it is easily wetted by 
oils and oil solvents, or perhaps the surface of the chitin 
itself contains or is coated with an oily or a fatty sub- 
stance. These results cannot be applied to all insects, 
as some have special coverings of wax over tbe chitin.' 
The spreading of >p:ays on such insects can, however, be 
determined by our methods with little trouble. 

Relation of Viscosity and Volatility to the Penetration 
of the Tracheie . 

The foregoing results have been primarily concerned 
with the pure materials. Inasmuch as the pure materials 
are sildom applied in actual practice, the question arises 
as to what takes place when an emulsion ol an oil is used 
in spraying. By placing drops of the emulsion on tbe 
wings and also on the bodies of cockroaches, it was found 
that the oil droplets were completely surrounded by tbe 
emulsifier and did not come in cpntact with tbe body of 
the insect. The ability of such a spray to adhere to the 
insect, to spread over the body, and to penetrate tbe 
trachea: depends therefore on the character of tbe 
emulsifier and not on the emulsified oil. Three distinct 
types of emulsions were noted : — First, emulsions made 
with gel «tin or saponin formed a round drop and tended 
to roll off the insect, just as did pure aqueous solutions of 
these mateiials. Second, emulsions made with Castile or 
toft soap adhered to tbe insects and spread over the body, 
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penetrated the trachea, carrying the emulsified oil with 
them. Third, emulsions made With using Ivory soap 
adhered to the body of the insect ; but, owing to the high 
cohesion of the liquid, spread very slowly. In the third 
case it was noticed that in a comparatively short time, 
depending upon the temperature and humidity of the sur- 
rounding atmosphere, the water evaporated and the 
emulsion broke down, after which the oil spread over the 
surface of the body, penetrating the trachea. The length 
of time required for the breaking of the emulsion was from 
five to thirty minutes. If the oil was rather volatile it would 
evaporate before it succeeded in penetrating the trachea. 
By spraying a number of insects it was determined that 
oils more volatile than xylene were too volatile to succeed 
in penetrating the iracbtas in large enough quantities to 
result in the death of the insect. On the other hand, the 
oil may be so viscous that, even after the breaking of the 
emulsion, it is unable to spread ‘over the body and enter 
the trachea in a reasonable length of time. The viscosity 
of a number of oils was determined in terms of water by 
measuring the length of time required for 5 cc. of the 
liquid to Bow through a glass tube of small diameter 
arranged in the form of a stalagmometer. 

By placing a small drop of oil on the wing of a cock- 
roach and watching it under the microscope it was possible 
to divide the oils into four classes (1) Those spreading 
rapidly, (2) those spreading slowly, (3) those spreading 
very slowly, and (4) those spreading so slowly as to pre- 
clude any possibility of their reaching the spiracles in a 
reasonable length of time. 

Penetration of the Insecti ide into the Tissues . 

Shafer (16) has shown that contact insecticides, such as 
kerosene and others of a similar nature, are able to 
penetrate the tracheae of an insect, but he considers that 
it is the vapour from these Bubstanccs which is responsible 
for the killing, inasmuch as the rate at which the liquid 
itself will pass through the chitin is too slow to account 
for the death of the insect. He dissolved Sudan III. in 
ktrosene to show the passage of the oil through the walls 
of the trachea;. At the time of the death of the insect he 
could find no evidence of a red stain in the tissues, and it 
was not until the insect had been dead for a long time 
and the fat bodies had been partially dissolved that he 
could detect traces of the stain in the tissues. Sudan 
III., however, is a colloid, and would not be able to pass 
but very slowly through a semi-permeable membrane such 
as chitin. Thus the inability of the stain to pass through 
the chitin did not necessarily imply that the kerosene bad 
not been able to penetrate into the tissues. If the experi- 
ment is repeated with picric acid instead of Sudan III. it 
is found that the tissues are very quickly stained yellow. 
There are, however, a number of objections to the use of 
a stain to indicate the passage of a liquid, as it is quite 
possible that the stain could penetrate by being absorbed 
by the walls of the tracheae without any penetration of the 
oil. If a few pieces of chitin are placed in kerosene 
stained with picric acid they are capable of absorbing 
practically all the stain from the oil. On the other hand, 
it is quite possible that the amount of the insecticide which 
might penetrate and kill the insect would be so small that 
the amount of stain carried with it could not be detected. 
Further, it would be impossible to determine the penetra- 
tion of a vapour by a stain in the insecticide. Chemical 
tests for insecticides in the tissues in many cases would 
not be delicate enough for the certain detection of their 
presence or absence. Finally, after a number of trials it 
was found that the best 'method was to use an indicator for 
dead tissues. Trypan-blue is a water soluble colloid 
which does not penetrate the living tissues, but is able to 
penetrate and stain dead tissues. This was selected as 
the most suitable indicator. Larvae of the wax moth were 
used in these experiments. If a living untreated larva is 
opened and the tissue covered with an aqueous solution of 
trypan-blue for a period of two minutes and the stain then 
removed and the larva examined under water, it will be 
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found that there are particles of the stain adhering along 
the mid-intestine, more or less on the silk glands, and 
along the nerve cord. This does not seem to be a true 
staining of the tissues, but rather the adherence of 
particles of the stain, which are difficult to remove by 
washing (adsorptions). 

When an insect has been treated with an effective 
contact insecticide and opened and stained just before it 
dies, the tissues which have been killed are stained a deep 
blue, thus indicating the point of entrance of the poison. 
No effort was made in this work to determine which tissues 
were primarily affected by the chemicals. As a counter 
stain, to show to what extent the mateiials penetrated the 
trachea;, Sudan III. was used with the oils and resin with 
the aqueous solutions. 

The insecticides may be divided into four different 
groups : — 1. The non-volatile insecticides which as liquids 
penetrate the tracbese. 2. The volatile insecticides which 
are able to penetrate the tracheae as liquids. 3. The 
volatile insecticides which only penetrate the tracheae in 
vapour form. 4. The non volatile insecticides which 
decompose on contact with the insect, producing a vapour 
which is capable of entering the tracheae. The results of 
experiments show that relatively non-volatile oils pass 
through the walls of the tra:hete only where the liquid has 
penetrated. 

Soap solutions arc particularly interesting, since when a 
soap is dissolved in water it is hydrolysed, some of the 
soap molecules reacting with the water to form sodium 
hydrate and the free fatty acid. This free fatty acid 
acid unites with the fatty acid of that portion of the soap 
which has not been hydrolysed, forming a sol (10). Since 
the chitin is a semi-permeable membrane the sol is able to 
pass through but very slowly into the body of the insect. 
The sodium hydrate in the solution is no doubt the portion 
which accounts for death. Experimental evidence shows 
that solutions of soaps containing a large percentage of 
free alkali are more toxic than those which are practically 
neutral. 

Volatile oils and acids show a blue staining along the 
walls of the tracheae where the liquid has penetrated, and 
also blue blotches along the walls beyond this point. 
Examination of insects which have been treated for 
varying lengths of time show that the blue blotches 
caused by the vapour of the chemical appear more quickly 
than the blue caused by the penetration of the liquid 
itself, showing that the vapour is able to penetrate the 
walls of the tracheae more quickly than the liquid. It 
might be noted here that these results are somewhat 
modified by the fact that the vapour is passing through 
somewhat thinner cbitin than that through which the liquid 
must pass. 

Aqueous solutions such as nicotine do not penetrate the 
tracheae other than in the form of a vapour. The blue in 
this case occurs in blotches along; the walls of the tracheae. 
What was evidently a condensation of the vapour appeared 
in the larger tracheae and the blue staining of the tissues 
was particularly strong at these points. This confirms the 
observations of Mclndoo (8), who has shown by chemical 
means the condensation of nicotine within the tracheal 
tubes. When nicotine sulphate comes in contact with the 
body of the insect it is slowly decomposed, with the forma- 
tion of nicotine which enters as a vapour. Such a decom- 
position is no doubt the explanation of the results of Lovett 
(6), who found that leaves sprayed with nicotine sulphate 
even when dry are repellent and poisonous to insect larvae, 
even though not taken internally. 

To such aqueous solutions, which normally are not able 
to enter the tracheae, the addition of soap increases their 
efficiency, as it enables the liquid to spread over the body 
and enter the spiracles. Tne addition of too much soap 
will somewhat decrease the efficiency of the spray owing 
to increased cohesion. Some of the results obtained in 
the use of nicotine sulphate and fish-oil soap sprays by 
Smith (17) are thus explained. 

Iu general there was little evidence of penetration of 
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the insecticides through the body wall, ‘ibis does not 
necessarily mean that the compounds are not able to 
penetrate the cbitin, but that they were unable to do so 
prior to their entrance by way of the tracheae. Compounds 
w rich are readily soluble in water and readily diffuse in 
aqueoua solutions were frequently found to have gained 
entrance through the anus and through the mouth. 
Alcohol, acetic acid, and sometimes soap showed such 
penetration. The more viscous compounds require very 
much longer to enter the insect than compounds with a 
low vseosity. Lime-sulphur differs from other contact 
insecticides in its action, but its action has been folly 
described by Shafer (16). 

Pt Htt ration of Fumigants , 

Fumigants gain entrance into the insect by way of the 
trachea;. In many cases what appeared as a condensation 
was noticed within the trachea:, and in such cases blue 
staining, indicating dead tissues, appeared at these points. 
These results explain why the volatility of organic com- 
pounds should be related to their toxicity (12). The more 
nearly the atmosphere is saturated with the vapour the 
more likelihood there is of a condensation in the tracheae. 
Even though there is no condensation the same forces are 
at work. One of these forces is the tendency for the 
vapour to condense on coming in contact with the chitinous 
walls of the tracheae. The other force is the tendency of 
the compound to rc-evaporate from the tracheal walls. In 
the least volatile this tendency to re-evaporate is generally 
diminished, while in the more volatile compounds, in order 
to reduce this, tendency to re-evaporate, very large 
quantities of the chemical roust be present in the air. It 
is thus apparent that an insect may be killed with com- 
paratively small doses of slightly volatile compounds, 
while it may require a much heavier dose of a more 
volatile material. The volatility of organic compounds is 
therefore, in general, an index of their ability to penetrate 
into the body of the insect, and inasmuch as the com- 
pound which cannot penetrate will be unable to kill, it is 
apparent that the volatility is correlated with the t.xicity. 

O.ie notable exception mentioned in a previous paper (12) 
is that of chlorpicrin, which in very minute quantities is 
able to kill the insect. In our experiments in tracing the 
penetration of fumigants it was noticed that this mateial 
was able to penetrate the walls of the trachea: and kill the 
insect very quickly. This may be due to one of two 
factors; first, the extreme toxicity of chlorpicrin, or, 
second, an abnormal power of penetration. 

The following experiment throws light on this question. 
Acetic acid and benzene are of about the same volatility 
as chlorpicrin. On assuming, therefore, for the sake of 
the experiment, that their powers of penetration are equal, 
it was determined to test their comparative toxicity to 
insect tissues. Three living wax moth larvae were opened 
on the veotral side and spread out. One was treated 
directly with acetic acid, the second with benzene, and 
the thud with chlorpicrin for a period of one-balf minute. 
The chemicals were then qcickly removed, and the tissues 
were washed with water and then treated with trypan blue. 
The larva treated with acetic acid showed a very intense 
blue-staining throughout the tissues. The larva treated 
with benzene showed but slight staining. The laiva 
treated with chlorpicrin showed more staining than benzene 
but much less than that of acetic acid. Of the three com- 
pounds acetic acid was by far the most poisonous to the 
ti»sues. In actual fumigation, dipping, or spraying, the 
death of the insect occurs most quickly with chlorpicrin. 
This material, therefore, must owe its abnormal toxicity to 
its ability to be absorbed by the cbitin and passed into the 
body. The reason for this high power of penetration 
of cbitin by chlorpicrin will be the object of further study. 

Summary . 

From the general results reported in this paper it appears 
that the physical properties at well as the chemical pro 
pec ties have an important bearing upon the efficiency o 
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the contact spray. Even though the spray may contain 
a very active poison it will not be effective unless it con- 
forms to certain physical requirements— that is, the ability 
to vaporise and penetrate in the form of a vapour or to 
spread over the insect and penetrate in the liquid form. 
The resuhs reported by McClintock, Houghton, and 
Hamilton (7) show very deaily tbat this is true. Toe 
results in the use of quassia with or without soap as re- 
potted by Mclndoo and Sieve ra (9) are another example, 
and it is a common observation the the addition of soap 
to nicotiue sprays increases their efficiency. The fol- 
lowing are some of the principles which must be kept in 
mind in studying the effects of contact insecticides. 

x. Contact insecticides may be divided into two groups : 
—(a) Those which spread over the body of the insect and 
penetrate the trachea:. (6) Those which are not able to 
spread over the insect and do not penetrate the trachea. 

2. Contact insecticides which are either soluble in ether 
or chloroform or are fat solvents are able to spread over 
the insect and enter the trachea. 

3. The rate of spread of these insecticides is governed 
by their viscosity and cohesion. 

4. Compounds with a viscosity as high or higher than 
castor-oil spread so slowly that, in general, they may be 
classed as poor insecticides. 

5. Compounds more volatile than xylene evaporate too 
quickly for effective work. 

6. Sprays in the form of emulsions may enter tbe 
trachea as such, or the oil remaining after the emulsion 
is broken down may spread over the insect and enter tbe 
spiiacles. 

7. Relatively non-volatile oils penetrate the body of the 
insect directly through the walls of the trachea as liquids, 
the rate depending upon the viscosity. 

8 . Volatile oils may penetrate the walls of the trachea 
in either vapour or liquid form. 

9. Sprays which are unable to enter the trachea in 
liquid form may penetrate and pass through tbe tracheal 
walls as vapour. 

10. Fumigants gain entrance and pass through tbe 
tracheal walls in vapour form. 

11. Slightly volatile compounds tend to condense upon 
the tracheal walls owing to tbe fact that small quantities 
are sufficient to saturate the atmosphere. Owing to this 
high saturation these condensations tend to penetrate the 
cbitin rather than to re-evaporate. Volatility is an index 
of the ability of the compound to gain entrance into the 
insect and is therefore closely correlated with toxicity. 
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A METHOD FOR THE COLORIMETRIC 
ESTIMATION OF COBALT.* 

By E. GABRIEL JONES, M.Sc , F.I.C. 

The author hae recently had occasion to estimate very small 
quantities of cobalt, of the order of 0 01 to o*i per cent, in 
such materials as varnishes and zinc oxide paints, and has 
tried various colour reactions of that metal with a view to 
devising a rapid method of estimating it colorimetrically. 
A satisfactory reagent for the purpose was found to be a 
solution of a nitro60 /i-naphthol, as prepared by Atack 
(Journ. Soc. Chem. Ind., 1915, xxxiv., 641), and by the 
addition of ammonium citrate to the solution under 
examination the effect of moderate quantities of many 
other metals was eliminated The ammonium citrate 
solution was prepared by dissolving 500 grms. of citric 
acid in 250 cc. water and adding 500 cc. ammonia (0 880). 
This solution contains excess of ammonia. 

The procedure in the case of varnishes was aa follows : 
—A weighed quantity was incinerated in a porcelain 
crucible and the ash treated with concentrated hydro- 
chloric acid ; in case any insoluble matter remained aqua 
regia was added, followed later by hydrochloric acid to 
remove the nitric acid. After evaporation to dryness the 
residue was dissolved in hot water with the addition of a 
few drops of dilute hydrochloric acid, and the solution 
made up to a convenient volume. An aliquot part was 
transferred to a Nessler cylinder, 5 cc. ammonium citrate 
solution added, the mixture diluted nearly to 100 cc., and 
5 cc. of the a-nitroso -/ 3 -naphthol solution added ; the con- 

♦ Read at the meeting of the Society of Public Analysts, June 5, 
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tents of the cylinder were then mixed. The colour of the 
liquid was matched against different quantities of a 
standard cobalt solution, to which were added the same 
amounts of ammonium citrate and a nitroso-jS napbtbol as 
used with the sample. It is essential that the quantity of 
free ammonia should be nearly the same in all tbe solu- 
tions compared. The most satisfactory quantity of cobalt 
for comparison was found to be about 0*1 mgrm. 

Tbe following experiments were made with varnishes to 
which known amounts of cobalt were added : — 


Per cent Co added. 
0*0095 
0039 
0*066 
0*072 
0*104 
0*180 


Per cent Co found. 
0*009 
0037 
0*062 
0*070 
0*103 
0*178 


The mineral matter of these varnishes consisted mainly 
of ferric oxide, with traces of silica and lead, and some- 
times minute traces of copper and manganese. In order 
to ascertain what influence larger quantities of these 
metals and zinc would have upon the estimation of the 
cobalt content the following experiments were made : — 


Weight of 
cobalt. 

Weight of other 
metal added (M). 

Ratio 

Co : M. 

Result. 

Grm. 

0*0001 

Grm. 

o*oi Fe 

I : 100 

Quite satisfactory. 

0*0001 

0025 Fe 

1 : 250 

Fairly satisfactory, 

0*0001 

0*01 

Zn 

1 : 100 

colour slightly 
brown. 

Quite satisfactory. 

0*0001 

0*1 

Zn 

1 : 1000 

Quite satisfactory. 

0*0001 

0*0005 Mn 

1 : 5 

[Co 0*000095. Re- 
sults correct if 

0*0001 

0001 Mn 

1 : 10 

| allowed to stand 

0*0001 

0 005 Pb 

1 : 50 

l half -hour). 

Quite satisfactory. 

0*0001 

0*0001 Cu 

1 : 1 

Satisfactory. 


A further experiment was made in which 00001 grm. 
cobalt was mixed with o*oi grm. Fe, 01 grm. Z n, 0*001 
grm. Mn, 0 005 gim. Pb, and o*oooi grm. Cu ; tbe colour 
obtained under the above conditions exactly matched that 
given by the cobalt alone. 

Modifications of the above method were necessary in 
presence of (1) copper, except in minute traces ; (2) 
nickel ; and (3) manganese in large quantities. Tbe fol- 
lowiog methods were found to give satisfactory results in 
such cases : — 

1. Copper .-- When the amount present exceeded a 
minute trace it was removed by hydrogen sulphide, tbe 
acidity of tbe solution (with hydrochloric acid) being about 
N/20 ; after boiling off the excess of hydrogen sulphide 
from the filtrate the correct coloration for tbe amount of 
cobalt present was obtained. 

2. Nickel . — In the presence of nickel it was found im- 
possible to employ the method without modification, unless 
the quantity of that metal was much less than that of tbe 
cobalt, as the coloration with • nitroso /J naphtboI was 
considerably altered. Separation of the nickel by di- 
methylglyoxime enabled an accurate estimation of tbe 
cobalt to be made, provided tbe excess of the oxime was 
destroyed. 

To the neutral or slightly acid solution a few cc. of 
ammonium citrate solution were added, and after dilution 
with water to about 100 cc. the liquid was heated nearly 
to boiling. A slight excess of a 1 per cent alcoholic solu- 
tion of dimethylglyoxime was added (about 1 cc. for every 
2 mgrms. of nickel), then ammonia, drop by drop, until 
the liquid was slightly alkaline. After stirring and 
allowing to stand for five minutes in a warm place, the 
precipitate was filtered off and washed with hot water. 
The clear filtrate was made up to a convenient bulk, an 
aliquot part transferred to a porcelain dish, evaporated to 
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dryness, and gently ignited. The residue was treated first 
with aqua regia, then with concentrated hydrochloric acid, 
and evaporated to dryness ; after addition of a drop of 
dilute hydrochloric acid and extraction with hot water the 
cobalt was estimated in the usual way. 

3. Mangamu . — Wnen the amount of manganese was 
very 'considerably greater than that of the cobalt it was 
found necessary to remove most of the former metal before 
proceeding to the estimation ol the cobalt. 

Several methods for the separation of the two metals 
were tried, and of these the most satisfactory was by 
means of sodium bismutbate and subsequent boiling to 
precipitate the manganese ; the manganese was not wholly 
removed, but a sufficient separation was effected to enable 
the cobalt to be estimated. 

To the solution containing the metals as chlorides there 
were added about an equal bulk of nitric acid (sp. gr. 1*2) 
and a small quantity ot sodium bismutbate. It was then 
digested on a hot plate until the permanganate colour bad 
disappeared and the manganese was precipitated ; the 
precipitate was filtered off and the filtrate made up to a 
suitable bulk. An aliquot part of the solution was trans- 
ferred to a Nessler cylinder, 5 cc. of a neotral ammonium 
curate solution added, and the liquid was neutralised with 
ammonia, using litmus paper as indicator. Then a 
measured quantity of ammonium hydroxide (about 10 per 
cent NH 3 ) was added, and the colour was matched 
against standard cobalt solution, to which were added the 
same quantities of neutral ammonium citrate, ammonia, 
and a-nitroso-d-napbthol as used with the sample. 

Toe procedure in the case of zinc oxide paints was 
similar to that employed for varnishes — viz., incineration, 
to destroy organic matter, followed by digestion with 
concentrated hydrochloric acid and aqua regia it neces- 
sary. The excess of acid was removed as completely as 
possible by evaporation, and the residue dissolved and 
made up to a convenient bulk for colorimetric comparison. 

The following results were obtained in two analyses : — 

Per cent Co added. Per cent Co found. 

0063 0063 

0*114 0*103 

The author desires to acknowledge bis indebtedness to 
Mr. F. C. Guthrie, B.A., A.I.C., for valuable assistance 
in connection with this work. 


WOLFRAM ORE AND TUNGSTEN.* 

Tt'NOhiENis a metal of very high specific gravity and 
high melting-point. It is used to some extent for filaments 
of metallic lamps, and in large quantities as an alloy 
with steel. It has, even in comparatively small propor- 
tions, certain hardening and magnetic effects, and in large 
proportions, ».#., fiom 12 per cent to 22 per cent, it has a 
peculiar property of giving a material for cutting tools 
which reUins its hardness at high temperatures. The use 
of this material allows the speed of machines and depth 
of cutting to be increased far beyond what was possible 
with older forms of tool steel. Tool steel of this class 
has become an absolute necessity of modern engineering. 
When tungsten is mentioned in«his report it refers both 
to tungsten powder and ferro tungsten. Tungsten metal 
powder and ferro- tungsten ate the basis of the manufacture 
of: -(1) High-speed steel ; (2) magnet steel; (3) other 
tool steel containing tungsten. The percentage of tungsten 
used varies:— (a) in high-speed steel, 12 per cent to 22 per 
cent ; ( b ) in magnet steel, 3 per cent to 6 per cent ; (c) in 
other tool steel, 1 per cent to 10 per cent. The other uses 
in this coontry for tungsten are (1) Electric lamp fila- 
ments ; (2) contacts for magnetos in place of platinum ; 


• Report of Departmental Committee on *be Engineering Trade* 
icr ibeWar. From the Journal of th$ Koynl Society 0/ 3 rts, Ixvi., 
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(3) in the form of tungstate of soda for fire proofing 
fabrics ; (4) other minor uses. 

The amount of high-speed and other tungsten steel* 
now being manufactured in this country under war condi- 
tions is approximately 20,000 tons a year, which is being 
distributed as follows : — In England, 8000 tons; in Russia, 
3500 tons ; in the United States of America, 2500 tons ; 
in Japan, 1000 tons; in Canada, xooo tons; in France, 
2000 tons; in Italy, 1000 tons; in Australia, New Zea- 
land, and South Africa, 700 tons ; to other Allies and 
necessary Neutrals, 300 tons, calling for about 3000 tons 
of metallic tungsten or its equivalent in ferro-tungsten. 

In peace time the quantity of high-speed steel made by 
this country may be approximately taken at 40 per cent 
of the above amount. High-speed steel is used for (1) 
Engineers’ tools, such as turning tools, planning and 
slotting tools ; (2) twist drills, reamers, taps and screwing 
dies ; (3) metal milling cotters, cold iron saws, and shell 
making tools ; (4) valves in motor and aeroplane engines 
and magnetos. 

The raw material from which metallic tungsten and 
ferro-tungsten are made is wolfram ore, alternatively 
described as wolframite or wolfram concentrates, which is 
mined largely in the British Empire. 

[ A table given here indicates the chief sources of supply 
of wolfram concentrates and the average quantities shipped 
from the various countries in 1910, 1911, and 1912. Out 
of 8639 tons produced in 1912, approximately 3800 tons 
were produced in the British Empire. The production 
from Burma is increasing rapidly 1 . 

The world’s figures for 1913 are not available in their 
complete form, but the figures of the British Empire since 
then up to 1915 are recorded at the Ministry of Munitions. 
The output from the British Empire for the year ending 
August 31, 1916, was 4600 tons. The Committee is in- 
formed that as the result of war conditions there has been 
an abnormal increase of the output of wolfram ore in the 
United States, where the amount for the six months, 
January 1 to |une 30, 1916, is reported at 3750 tons. It 
requires practically 2 1 tons of wolfram concentrates to 
produce 1 ton of tungsten. 

At the outbreak of the war no tungsten powder was 
being made in this country. At least three manufacturers 
were making ferro-tungsten on a small scale. The greater 
part of the wolfram ore produced appears to have passed 
through this coontry. The bulk of it found its way to 
Germany, where the manufacture of metallic tungsten 
powder was carried on chiefly in association with large 
chemical works from which the necessary supplies of 
hydrochloric acid and other chemicals could be obtained 
economically. The tungsten powder was then sold by 
Germany to this country, and was used by steel makers 
for the manufacture of b'gb speed steel, of which consider- 
able quantities were exported to the United States, 
France, Germany, &c. Tungsten powder is also made in 
the United States of America and ferro-tungsten in 
France. There appears to have been no reason in the 
past, apart from organised German competition, including 
price cutting, why tungsten metal should not have been 
produced in this country. The value of the ore produced 
annually in the British Empire is estimated at £1,250,01x1 ; 
the value of the tungsten refined from this ore is estimated 
at £2,000,000, and the value of tbe high-speed and other 
steels made from this tungsten in the British Empire is 
estimated at £7.300,000, all at war prices. High-speed 
steel makers were content, before tbe war, to rely upon 
German supplies which were of satisfactory quality, and 
the trade, in spite of its importance, had not hitherto 
received full attention from English manufacturers. On 
the declaration of war the want of tungsten became im- 
mediately apparent. The manufacturers’ stocks held here 
were practically three months' normal supply. The 
Admiralty took steps to ensure that all wolfram ore pro- 
duced under the British dag was sent direct to this country. 
Reduction works were started, and there are now some 
eight or nine works in this coontry producing the reqoire- 


Digitized by LjOOQle 



338 


Rubber. 


I CHEMICAL N'tWb, 
1 Oct. 25, igi8 


ments of the trade. It would appear essential, from the 
point of view of national safety, that the Empire should 
not again run the risk of being without tungsten metal at 
a momentous crisis, or during normal limes. The present 
Biitish manufacturers of tungsten doubt their ability to 
continue in the trade after the war in competition with 
German manufacturers -though this *s not the unanimous 
opinion cf those now engaged in manufacturing. It is 
apparent that under the British dig there is likely to be 
sufficient supply of wolfram ore for British requirements. 

In order to supply the highspeed steel which is necessary 
for the security of the nation in times of war, and for its 
prosperity in times of peace, it is necessary to provide 
tungsten in sufficient quantities, or its equivalent in ferro- 
tungsten. To do this two conditions are essential (r) 
Sufficient ore supplies ; (2) woiks in the country capable 
of reducing the ore. As to the first condition, it appears 
that so large a proportion of the world's wolfram ore is 
produced in the British Empire that the object would be 
secured if British works had a first claim to the ore pro- 
duced in the Empire. As to the second condition, suffi- 
cient works have been created in this country in the stress 
of war to meet all likely requirements, and if these works 
are maintained and k?pt efficient it appears only necessary 
to prevent the trade from being crushed by organised 
attacks by their competitors abroad, either by underselling 
or “ cornering” ore supplies. 

[The Committee suggests that the Dominions and 
Dependencies should be communicated with at once, and 
their views ascertained as to the following proposal made 
to carry out effectually the conclusions to which the Com- 
mittee has unanimously agreed, namely, that all wolfram 
ore or other ores containing wolfram, pay a penalty in a 
form analogous to an export dqty on leaving the Empire 
of £* 5 . per ton]. 

As regards tungsten (tungsten powder and ferro- 
tungstei ), the Committee’s conclusions are (1) It is 
essential that tungsten should be manufactured within the 
Empire in such quantities that the normal demands should 
be easily met, and a sufficient supply for export manu- 
factured, so that in case of an abnormal demand for 
defensive or other purposes, an adequate supply shall be 
available within the Emp're ; (2) that the works manu- 
facturing tungsten which have come into existence, either 
at the request of the Government or otherwise during the 
war, shall receive subsidies or special consideration as 
regards Excess Profits Tax in relatioe to the amount of 
money they have sunk in the industry, either by way of 
wolfram ore dressing plant, tungsten producing woiks, 
research work, mines, or concessions for the raising of 
wolfram ore, and generally with a view to meeting 
German competition after the war. 


NOTICES OF BOOKS. 

Rubber : its Production , Chemistry , and Synthesis in the 
Light of Recent Re earch. By A. Dubosu and Dr. N. 
Luttringer. English Edition by Edward W. Lewis, 
A.C G.I., F.C.S. London: Charles Griffin and Co., 
Ltd. 1918. Pp. xi-f 383. Price 21s. net. 

Although five years have passed since the French 
original of this book appeared the text can in hardly any 
way be regarded as out of date, for in that period com- 
paratively little research work has been done on the 
chemistry of rubber. There was undoubtedly room for 
authoritative text-book dealing with the chemistry of raw 
rubber, and this book has supplied the need which 
chemists were feeling for a comprehensive survey of all 
the work that has been done, especially on the synthetic 
production of rubber. The authors’ experience and know- 
ledge have enabled them to make valuable criticisms of 
the many processes which have been put forward, and no 
worker in this region will in the future be able to do 


without this text -book, which is characterised by an 
admirably judicious and unbiased treatment of the 
problems of rubber chemistry. The first section deals 
with the production of natural rubber, the costs of pro- 
duction and the utilisation of reclaimed rubber. The data 
and statistics ate here unavoidably somewhat behind the 
times, but the translator has brought them up to date 
in some cases. The problem of the utilisation of raw 
rubber is admitted to be as yet unsolved. In Part 11 . the 
method of formation of rubber in the plant is discussed, 
and the physical properties are desccibed with great com- 
pleteness. Methods of analysis and researches on the 
constitution of rubber ate fully treated, thus leading up to 
the third and last section in which an exhaustive account 
U given of all the work which has been done on the 
problem of the synthetic production of robber. Methods 
of preparing i oprene and its hjmologues are first dis- 
cussed very fully, and the authors demonstrate clearly the 
superiority of be “ English ” over the lengthy and expen- 
sive German process. Finally, the preparation of syn- 
thetic rubber is treated in the last chapter, and it is pointed 
out in conclusion that the synthetic product from isoprene 
appears to be iden'ical with natural caoutchouc, while the 
substance obtained from butadiene and dimethylbutadicne 
is evidently different from the natural product. 


Dyeing and Cleaning. By Frank J. Farrell, M.Sc. 

(Viet.). Fourth Edition. London : Charles Griffin and 

Co., Ltd. 1917. Pp. x+253. Price6s.net. 

The technology of the textile fibres is briefly treated in an 
introductory chapter in this book, which will be found a 
very useful and practical handbook by the dyer and 
cleaner. Methods of dry and wet cleaning are treated in 
considerable detail, and students as well as those actively 
engaged in the industry will find it a reliable and com- 
prehensive guide, and the sections on such subjects as the 
removal of different kinds of stains will be of great 
practical utility. In the chapters on dyeing the special 
problems and difficulties of the job dyer as distinguished 
from the piece dyer of new goods are discussed, and full 
accounts are given of the procedure to be adopted in the 
cases of all kinds of garments made of different materials 
or combinations of materials. Lists are given of many 
different dyc6tufis from which a selection can readily be 
made for specified purposes, and one chapter is devoted 
to the description of methods of finishing various kinds of 
goods. The f jurlh edition of the book has undergone a 
considerable amount of revision, especially in the part 
dealing with dyeing. The author now refers only to dyes 
of British or “ neutral ” origin, and the book well illustrates 
our independence of German dyeworka and their products. 


American Lubricants. By L. B. Lockhart. Easton, 
Pa. : The Chemical Publishing Co. London : Williams 
and Norgate. Tokyo : Maruzen Co., Ltd. 1918. Pp. 
ix + 236. 

This book will have its value to English users of lubricants, 
although the products obtainable and used in America 
differ somewhat from ours. It is intended to be more 
particularly useful to the user and consumer, and a deeper 
and more scientific knowledge of the nature and properties 
of different lubricants might certainly lead to the avoidance 
of waste and loss. It was perhaps hardly necessary to 
include the preliminary part of the book dealing with 
crude petroleum, its origin, methods of refining, &c., but 
the later parts are thoroughly practical and it would 
require some searching among all kinds of periodicals and 
books to find some of the information given, which is 
very systematically and conveniently arranged. The 
special problems of many different kinds of machinery 
are considered in detail, and the lubricants suitable for use 
in various circumstances are discussed. Methods of 
testing lubricating oils and greases are included, and 
seven chapters are given to specifications for different 
kinds of oils, greasers, &c. 
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CORRESPONDENCE. 

ELEMENTS IN THE ORDER OF THEIR 
ATOMIC WEIGHTS. 

To thi Editor of the Chemical News. 

Sir,— I n arranging the elements in the order of their 
atomic weights I noticed a peculiar sequence which re- 
peated itself so often as to appear to be more than mere 
coincidence. 

Although a student of chemistry, I am ignorant as to 
whether the data given herewith are known to exist, or, if 
unknown, whether it possesses any particular value. 

The following is the scheme of the sequence Assuming 
the first weight to be X, the second number would be 
X-f 3, the third X+3+1, the fourth X + 3+1 4-3, and so 
on, adding 1 and 3 alternately. 

In the table herewith but 17 of the 83 elements do not 
coincide with what I termed “ Theoretical weight,” Three 
of the 17, Gd, Ta, and Yb, were listed as 156, 183, and 
172 respectively in International Atomic Weight Tables 
several years past. If these weights were unchanged, 
they too would have a place in the accompanying table. 
If by chance our present weights for Kb, Cb, and Ru were 
only equivalents and their true atomic weight twice the 
equivalent, they also would fit in the “ Theoretical " 
column. 


Theoretical. 

Symbol. 

Oxygen - iO. 

Ouiiasioux. 

1 

11 

I 008 


3 




4 

He 

4 -ou 


7 

Li 

0 94 


8 



Gl 91 

11 

U 

no 


12 

C 

120 


15 



N ?4 01 

16 

O 

160 


19 

F 

190 


20 

Nc 

20 2 


*3 

Na 

23 0 


'4 

Mg 

2433 


2 7 

Al 

27 1 


28 

Si 

28 3 


31 

P 

3*’ u 4 


3' 

S 

32 uO 


35 

36 

Cl 

3546 

A 3988 

39 

K 

39 to 


4« 

Ca 

4007 

. 

43 




44 

Sc 

4f* 


47 

Ti 



48 

481 


5 > 

V 

510 


5 ' 

Cr 

520 


55 

Mn 

54 93 


56 

Fe 

55 *4 

Ni 58 08 

59 

Co 

53 97 

bo 




63 

Cu 

63 57 

Zn 633/ 

64 



67 



Ga 69 9 

68 




7* 

72 Gc 7-5 

75 As 74-96 

76 

79 Sc 79 - 

80 Br 79 9' 

81 Kc 8292 

84 Kb *5 45 

87 Sr 8763 

88 Yt 887 

91 Zr 90 6 


Theoretical. 

9 8 

95 

Symbol. 

Oxygen -16. 

Omissiouv 

Cb 9 J 1 

9O 

99 

Mo 

9O0 


100 



Ku ioi*/ 

103 

104 

Kh 

102*9 

107 

Pd 

I06 7 


108 

in 

Ag 

107 88 


1 12 

Cd 

112*4 


"5 

116 

In 

II48 


1 19 

Sn 

Il8 7 


120 

1 '3 

124 

Sb 

120*2 


127 

I 

120 92 


128 

Te 

127*5 


131 

Xe 

I30 2 


13 ' 

>35 

136 

Os 

1 32 8l 

Bi 13737 

>39 

La 

>39 0 


140 

M3 

Ce 

140*25 

Pr 1 jo*9 

>44 

>47 

148 

Nd 

*4+3 


>5> 

Sui 

150 4 


>5' 

>55 

> 5 0 

Eu 

132*0 

>573 

>59 

160 

Tb 

1592 


163 

Dy 

162*5 


l6» 

Ho 

llM‘5 


167 

Er 

167-7 


108 

1 7 1 
>72 

Tui 

16S5 

Vb I73J 

>75 

176 

>79 

180 

*#3 

Lu 

^750 

Ta 181*5 

184 

187 

188 

W 

l84*0 


>91 

192 

Os 

>90 9 

Ir 193 1 

>95 

196 

*99 

Pi 

>95*2 

Au 197*2 

200 

203 

Hg 

200 0 


20 1 

TI 

204*0 


207 

Pb 

207*2 


208 

211 

212 

215 

216 

219 

220 

Bi 

208*0 


223 

224 

227 

228 

J 3> 

Nt 

222*4 

Ka 223 0 

'3' 

235 

236 

Th 

2J2‘4 


239 

240 

U 

238*2 
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There are also blanks on my chart where no known I No. 2, Jaly 8, 1918. 


elements fall, and if the regular sequence is authentic a 
hypothetical element would exist for each atomic weight 
not already filled. 

The weights given in the accompanying table are taken 
from the Internationa) Atomic Weight Table for 1918, 
with oxygen* 16. — I am, &c., 

Raymond Szymanowitz. 

130, Sherman Avenue, Newark, N.J., U.S.A. 

PEAT. 

To the Editor of the Chemical New s. 

Sir, — Power-producing fuel is vital to industries, and I 
venture to suggest that we have hitherto neglected a 
plentiful supply of it— peat. Much has been done towards 
extracting alcohol or ammonia from peat by saponificatioh 
or decomposition with acids, but as a source of industrial 
energy it has been forgotten throughout the British 
Empire. The process by which peat could be made 
profitable is that of reversed distillation. The peat may 
be gasified after the usual method of dry distillation, or 
may be actually burned in a combustion-chamber, and the 
resulting gases passed through red-hot peat charcoal, the 
residue of previous distillation. The useless carbon 
dioxide and water contained in the gases resulting from 
the combustion are reduced by the carbon to carbon 
monoxide and methane, and a complex gas of high 
calorific value is obtained. The process was invented by 
a chemist of the name of H. Riche, and has been in use 
in Prance. The application of power is a question for the 
engineer, but the indication of it comes within the province 
of the chemist ; therefore I venture to suggest that peat 
is a large and hitherto practically untouched source of 
industrial energy. — I am, &c., 

Lillian Chapman. 

15, Carlyle Mansions, Chcync Walk. 


CHEMICAL NOTICES FROM FOREIGN 
SO URCE S. 

Nuit -All degrees of temperature arc CcutigraJc unlcob other wibc 
exprebbed. 

Comptes Rendus Hebdumadaires des Seances de l' Academic 
des Sciences. Vol. clxvii., No. 1, July 1, 1918. 
Combinations of Neutral Zirconyl Sulphate with 
some Alkaline Sulphates.— Ed. Chauvenet and H. 
Gueylard.— Thermochemical measurements indicate the 
existence of the two compounds, [Zr 0 .S 0 4 ] 3 2Na 2 S0 4 and 
[Zi 0.S0 4 ] 3 .2(NH 4 ) 2 S0 4 , as well as two hydrates con- 
taining seven molecules of water. Compounds of the 
type [Z1OSO4 J 2 X, where X is Zi 0 2 or an alkaline sulphate, 
are also known. The authors propose to investigate 
whether X can be a molecule of chloride, phosphate, 
tartrate, or oxalate. 

Presence of a Non-volatile Alkaloid in the Broom 
( Saroihamnus scoparius). Amand Valeur. — When 
sparteine is extracted from broom, from the last mother- 
liquors two new alkaloids have been isolated, one non- 
volatile and the other volatile. The former has been in- 
vestigated by the author, and the name sarothamnine 
suggested for it. Its formula appears to be Ci 5 H 24 N 2 , 
and thus it possesses two atoms of hydrogen less than 
sparteine, and is isomeric with spartyrine, obtained 
by gentle oxidation of sparteine. Sarothamnine has a 
remarkable power of combining with certain solvents, 
giving crystallised compounds with, for example, methyl 
alcohol and benzene. It is an unsaturated base. It is 
possible that the base does not exist as such in broom, but 
results from the decomposition or transformation of 
another alkaloid, possibly oxygenated. 


This number contains no chemical matter. 

No. 3, July 16, 1918. 

Combinations of Acid Zirconyl Sulphate with 
some Alkaline Sulphates. — Ed. Chauvenet and H. 
Gueylard.— Cryoscopic and thermochemical measurements 
have p.oved the existence of compounds of acid zirconyl 
sulphate with ammonium and sodium sulphates, and by 
thermochemical measurements the authors have been 
enabled to obtaiu the compounds in the solid state and 
also to find compounds the existence of which in solution 
is uncertain. 

New Method of Rapid Destruction of Organic 
Materials. — Paul Duett. — This method is based upon the 
production in the nascent state of strongly ozonised 
oxygen, by means of ammonium persulphate in an acid 
medium. The manipulation is easy and simple and no 
special apparatus is used ; no nitrous or chlorine fumes 
are evolved. The method is, moreover, rapid and accurate, 
and the organic matter is completely oxidised without loss. 

No. 4, July 22, igi8. 

Acid Function of Osmium Tetroxide.— L.Tscbugaeff. 
— Osmium tetroxide is generally supposed to possess no 
acid properties, but the author has found that this is not 
the case. He has obtained a series of well-defined com- 
pounds of it with the hydroxides of potassium, caesium, 
and rubidium of general formula 2MOH.OsG 4 . They are 
crystalline orange or brown compounds, very soluble in 
water, the aqueous solutions being strongly hydrolysed. 
The ca:*ium compound is the least soluble and very 
readily separates when a very concentrated solution of 
radium hydroxide is added to a saturated solution of 
osmium tetroxide. 

New Volatile Alkaloid from Broom. — Amand 
Valeur.— The author has r cently shown that from the 
mother liquors obtained in the crystallisation of com- 
mercial sparteine sulphate a new non-volatile alkaloid, 
sarothamnine, can be separated. If after the separation of 
these bases soda is added to the liquor a new volatile 
alkaloid is obtained. The author suggests for it the name 
"genisteine.” Its formula is Cj 6 H 2 gN 2 . It absorbs 
water vapour very readily, giviug a hydrate which can be 
obtained in the form of voluminous crystals. Gcnisteine 
behaves like a monacid base towards phthalein, but it is 
realiy diacid, as shown by its picrate and chloroplatinate, 
the formula; of which are Ci6H 2 sN 2 .2CgH 2 (N0 2 ).}0H and 
Ci6H 2 sN 2 .2HCl.PtCi 4 4-2 5H 2 0 respectively. The base 
is l<evorotatory, saturated, and not methylated at the 
nitrogen atom. It is remarkable that the boiling-point of 
genisteine is a little lower than that of sparteine, although 
it possesses a CH 2 more. 

No. 5, July 29, 191S. 

Zirconium Nitride.— P. Brucre and Ed. Chauvenet. — 
When the ammonia compound of zirconium chloride, 
ZrCl 4 4NH 3 , is heated, the amide, Zr(NH 2 ) 4 , is first 
formed. On further heating the imide, mixed with some 
nitride, Ib obtained, and finally at about 350° the imide is 
completely decomposed, and the pure nitride, Zr 3 N 4 , is 
formed. Probably this is the only nitride of zirconium, 
and the two others which have been described, Zr 2 N 3 and 
Zr 3 N8, do not exist. 

No. 6, August 5, 1918. 

New Reaction of Osmium. -L. TscbugaefT. — If a 
solution containing osmium in the state of tetrexide, or 
any chlorosmiate, is heated for some minutes with excess 
of thiourea and some drops of hydrochloric acid, the liquid 
turns dark red or pink according to the concentration of 
the osmic solution. Analysis shows that the red compound 
formed has the formula rOs6(NH 2 .CS.NH 2 )]Cl 3 H 2 0, 
and is thus the derivative of a new’ base analogous to the 
luteo-chromic, cobaltic, rhodic, and iridic salts. 
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MISCELLANEOUS. 


Society of Public Analysts. — The next meeting of 
the Society will be held on Wednesday, November 6, at 
the Chemical Society’s Rooms, Burlington House, 
Piccadilly, W., at 5 p.m. The following papers will be 
read: — “Note on the Graduation of Gerber Butyro- 
meters,” by H. Droop Richmond, F.I.C. “The Estima- 
tion of Cacao Shell,” by Basil G. McLellan, F.I.C., and 
Arthur W. Knapp, B.Sj., F.I.C. 

The Ceramic Society. —The opening of the Solon 
Library, in co-operation with the Governors of the Central 
Scnool of Science and Technology, will take place on 
Thorsday, November 14, 1918. An Address will be 
delivered by Sir Henry Cunynghame, C.B., at the Central 
School of Science, Victoria Road, Stoke. The Chair will 
be taken at 7.30 p.m., by the President of the Society 
(Mr. R. Lewis Johnson), and a cordial invitation is ex- 
tended to all interested. 

Institute of Chemistry. — The Manchester Local 
Section of the Institute of Chemistry was formed at a 
well-attended meeting held in the rooms ot the Chemical 
Club at the Victoria Hotel, on Friday, October 4, Mr. J. H. 
Lester, the Chairman of the Provisional Local Section, 
presiding. The Registrar of the Institute was also present. 
The meeting discussed the Draft Rules for Local Sections 
and a new scheme for the election of the Council of the 
Institute. Votes were taken on several matters which will 
be brought to the notice of the Council. Tne Committee 
of the Provisional Section, with the addition of Mr. W. D. 
Rogers, who bad been acting as H morary Secretary, was 
elected as the Committee of the Section. Mr. David 
Cardwell was appointed Secretary on the retirement of 
Mr. VV. D. Rogers, to whom a vote of thanks was 
accorded tor his sei vices. 

Basic Carbonates of Copper. — Horace Barratt 
Djnnicliff and Sudarshan Lai. — The authors have 
analysed many specimens of commercial copper carbonate 
and find that the statement that it has the same compori- 
tion as malachite is incorrect, and that in reality it is a 
mixture ot very varying composition. An attempt was 
made to prepare a basic copper carbonate o f approxi- 
mately constant composition from pure materials, and a 
new carbonate, 2 CuC 0 3 . 5 Cu( 0 H) 2 was prepared. — 
Journal 0} tht Chemical Society , Srpt., 1918, p. 718. 

The Uses of Tungsten.— An important application of 
tungsten is for the production of tungsten steel employed 
in the construction of magnets for aeroplane magnetos 
and high-speed tools. A less known but equally important 
application of tungsten, illustrated at the “ Key ” In- 
dustries Exhibition at the Central Hall, Westminster, is 
as a substitute for platinum and its alloys. In witeless 
telegraph instruments, magnetos, and various electrical 
appliances, tungsten pails are used at one-tenth the cost 
of platinum with even better technical results. Combined 
with sodium, tungsten compounds are largely employed 
for impregnating fibres to render them fireproof, and as a 
mordant in dyeing. Public interest in the “Key” In 
dustries Exhibition shows no sign of falling off. the 
attendance so far averaging about 4000 daily. 

Problems of Metallurgy.— The importance of educa- 
tion in relation to the future of metallurgical industries 
was emphasised at the opening meeting of the winter 
session of the Birmingham Metallurgical Society. The 
President (Mr. Isaac E. Lester) said we had to study the 
effect of the war on the metallurgical industry. It was of 
the highest importance that manufacturers should be fully 
equipped not only in the ferrous but in the non-ferrous 
and allied industries. The practical man in the works 
should have every facility to study the principles of pure 
science, and the scientist should have recourse to woiks 
practice. Every town or city of metallurgical importance 
should have its own central bureau of scientific informa- 
tion, with a fully equipped analytical chemists' labors 


tory, library, and museum, and with a common arena for 
qualified entrants; or the university should be the one 
central body and also the research rendezv us for 
scientific thinkers and workers. It was the duty of 
capitalists, economists, employers, and employees to 
demend the establishment of the necessary means of 
technical education and scientific research. 

Some Properties of Metals under the Influence of 
a-Rays. — Woen «-rays strike #n insulated metal surface 
in a high vacuum the metal becomes posi ively charged. 
This charge is due to two chief causes— (i.) the positive 
charge carried to it by the a particles ; (ii.) the negative 
charge carried away by the electrons emitted, these 
emitted electrons being known as 0 rays. The speed of 
the J ray electrons varies very much, but all the metals 
which have been investigated give practicslly identical 
ionisation curves, snd this result has led to the supposi- 
tion that the entire tf-ray effect is not a metallic ionisation 
at all, but is due to a film of gas adsorbed into the surface 
of the metal. Mr. A. G. McGougan has arranged a 
series of experiments to investigate this question, and 
has studied the effect of scraping the suiface of the metal 
while in a high vacuum, so that a freah clean surface was 
presented to the bombardment of the «-rays. This led to 
a varying reduction in the J-ray current, which, however, 
was not permanent. The £-ray emissi 'n from a mercury 
surface was not affected by ovei flowing the surface. The 
evidence in these experiments supports the belief that the 
J-ray effect in metals is due to a gas film on the surface, 
while in the case of mercury the film formed from mole- 
cules of gas contained within the liquid.— The Physical 
Review , No. 2, xii., 122. 

Engineering Investigation in Brazil. — The Govern- 
ment, through the Department of Overseas Trade, are 
embarking upon another investigation abroad ; this time 
they have agreed to share the cost with the British En 

? ;ineer&’ Association of an investigation into the prospects 
or the engineering industry in Brazil. The Investigator, 
whose name will be announced very shortly, will spend 
probably twelve months in Brazil, and his repot ts will 
cover the whole field open to engineering enterprise. In 
carrying out this investigation we understand that the 
Council of the Association is not animated by any hostility 
towards the me/ebants and other existing channels 
through which engineering business has been carried on. 
They are desirous solely of obtaining for their members 
information of the requirements of the Brazilian market, 
the openings for engineering plant and machinery, and 
particulars of the methods of doing business most likely 
to suit possible purchasers and users. It will be open to 
members who receive these reports to do business in any 
way they like. Some members of the Association are 
already established in Brazil with branch houses, others 
already do business through the merchanting and im- 
porting houses. Therefore one result of this investiga- 
tion should be to make manufacturers m:re willing to 
adapt their products and methods to local interests and in 
this way this investigation should make it easier for 
merchants to supply their Brazilian demands from British 
sources. Now that this first investigation is settled the 
Council of the British Engineers* Association hope to 
arrange for similar investigations in other countries. 
Manufacturing engineers not members of the Association 
who desire to take advantage of the reports of the In- 
vestigator should communicate with the Secretary, The 
British Engineers’ Association, 32, Victbria Street, 
London, S.W. 1. 

Royal Photographic Society of Great Britain.— 
This Sjciety is holding its 63rd Annual Exhibition of 
Photographs on its own premises at 35. Russell Square, 
and invites the public to view the collection free of charge. 
The Exhibition will be open daily (Sundays excepted) 
from 11 a.m. till 9 p m., till November 30, and lantern 
lectures on popular and interesting subjects will be 
delivered each Tuesday and Friday evening from 7 till 
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Royal Photographic Society of Great Britain. { c “o“'" L 


8 30 o’clock. A collection of Official War Photographs 
supplied by the Ministry of information will appeal to all, 
whether interested in photography or not. Tht.se unique 
representations of the Army’s work at the front are dis- 
played on the walls of the Society’s library and comprise 
the most varied subjects. Tanks in action, bursting shells, 
prisoners emerging from their (< dug out,” German “pill 
boxes,” the rescue of a blind woman from a ruined house, 
and, rarest of all incidffits, an official jest, for in the 
description of a pile of empty shell cases it is stated that 
the contents have been delivered to the Germans. The 
P.ctorial Section is hung in the Meeting Room and is 
particularly rich in portraiture and figure study, in addi- 
tion to the landscape and other subjects which exhibit con- 
siderable merit. Scientific and technical subjects will be 
found in the Council Rjom and the adjacent Committee 
Room ; X-ray work, natural history, photo-micrography, 
astronomy, and the application of photography to special 
purposes are included. In the Committee Room are also 
stereoscopic and other transparencies, a large number of 
these latter being colour pictures by the ever popular 
Autochrome and Paget processes. In the Library Ex- 
tension Room is a seres of transparencies particularly 
interesting to medical men, as the items illustrate the 
control that may be exercised over the X-ray plate. These 
transparencies will be changed weekly. Medals have been 
awarded by the Judges to H. Essenhigh Cotke, Profs 
A. Fowler and R. J. Strutt, Dr. R. Knox, Louis J. Steele, 
and Hugo van Wadenoyen. 


'j'O comply with Regulation 8 (6) of the Defence ot the Realm 
Act, advertisements from firms whose business consists 
wholly or mainly in Engineering, Shipbuilding, or the production 
of Munitions of War, or of substances required for the production 
thereof, must include the words ** No person resideot more thao 
ten miles away or already engaged on Government work will be 


engaged. “ 

A ssistant Chemist required by large Engin- 
eering Works. Knowledge of Gas, Fuel, and Water Analysis 
essential Apply, stating age, training, and salary required, to your 
nearest Employment Exchange, quoting No A 6117. \’o one at pre 
sent engaged on Government work need apply. 


A NALYTICAL LABORATORY.— Assistants 

** wanted ; must be conversant with Volumetric Work and pre- 
ferably h .ve knowledge of Pharmacy. £90 to £130.— Address, Box 661, 
Smith’s Agency, Ltd., ico, Fleet Street, L C . 4. 

f 'hemist, twenty-seven years’ experience in 

^ Iron and Steel Works' Analysis, requires Post. Aged 44.— Address, 
William Graham, 34, Cimla Road, Neath, Glamorganshire. 


pHEMICAL. ASSISTANT.— Well qualified 

w Junior wanted in the Laboratory of a Manufac.uring business in 
Limehouse. State salary and give references.- Address, ** Limchouse," 
Chp.mical News Office, iG, Newcastle Street, Farringdon St eet, 
Lo ndon, E C. 4. 

I NDIA. — Chemical Engineer wanted with 

B.Sc or equivalent degree ; unmarried, ineligible, or discharged. 
-Address, D. W.. Chemical News Office, 16, Newcastle Street, 
Farring don Street, London, E.C 4. 

T ady Assistant Chemist required (for Analytical 

and Research Work) by a Controlled Firm in the Midlands, 
Must have had a sound training in Theoretical and Practical Inorganic 
Chemistry. Good salary offered 10 suitable applicant. State, age. 
qualifications, and experience.— Address, L 5 , Chemical News 
Office, 16, Newcastle Street. Farringdon Street, London, E.C. 4. 

M en or Women Chemists, with University 

training or its equivalent, wanted in one of Curtis's and Harvey's 
Explosive Factories in Kent.— Apply, Box 778, care of Leathwait and 
Simmons, 5, Birchin Lane, E C 3. 


Oesearch Chemist wanted. Knowledge ol 

AV Organic Chemistry and experience in General Metallurgical 
Analysis essential. No one at present engaged on Government work 
need apply —Apply, stating age, experience, and salary required, to 
your nearest Employme t Exchange, quoting No. A 6131. 

Research Chemists wanted, with good know- 

•t-X. ledge of Physical and Electro chemistry. Salary, £200 to £350 
according to qualifications and experience. - Apply to ine Salt Union, 
Ltd., Weston point, Runcorn. 


\A7anted, Assistant Chemist with experience 

* * in the analysis of Iron, Steel, and Non-ferrous Alloys, for 
large Works in the North of England. No one at present engaged on 
Government work need apply. — Write, stating age, experience, ami 
wages required to nearest Employment Exchange, quoting No. 
A 6i8». 


\A7orks Chemist wanted, with experience 

' * suitable for manufacture of Fine Chemicals. Position would 
be pe maneot and progressive for suitable man. State experience, 

references, and terms. Address, F. C., Chemical News Office, 16, 

Newcastle Street, Farringdon Street, London, E.C. 4. 


W oiks Analytical Chemist required. One 

conversant with Soap Manufacture, Nicotine Extractions, and 
Agricultural and Horticultural Preparations. State full particulars 
and salary required.— Address, W. A , Chemical News Office, 16, 
Newcastle Street, Farringdon Street, London, E.C. 4. 


'l'O ASSAYERS. — Double purchase FLAT- 

* TING MILL, Steel Rolls. On legs for fixing to floor. / 17. — 
Daw. 136, Westcom e Hill, Blackheath, S.E. 


\Y a,,tcd - GAS ANALYSIS APPARATUS 

’ * in good working condition with sampling autfit.— State price 
and full particulars to Redbourn Hill Iron and Coal Co., Ltd , 
Frodingham, Scunthorpe, Lines. 


UNIVERSITY COLLEGE of SOUTH WALES 
AND MONMOUTHSHIRE. 

(Coleg Prif.throf&ol Deheudir Cymru a Mynwy). 

T he Council of the College invites applications 

from both Men and Women for the Post of TEMPORARY 
ASSISTANT LECTURER AND DEMONSTRATOR IN 
CHEMISTRY. The salary and other emoluments will be £160 per 
annum. 

Further particulars may be obtained from the undersigned, by whom 
applications, with testimonials (which need not be printed), must be 
received on or before Sau’RDav, October 26, 19 8. 

D. J. A. BROWN, Registrar 
University College, Cathays Park, Cardiff, 

October 14, 1918. 


SALTERS’ INSTITUTE OF INDUSTRIAL 
CHEMI8TRY. 

APPOINTMENT OF DIRECTOR. 

'T'he Salters’ Company require a DIRECTOR 

J to take charge of the SALTERS’ INSTITUTE OF 
INDUSTRIAL CHEMISTRY, now being founded to encourage 
Research in Industrial Chemistry and the training and welfare of 
Students in that trade. 

Applicants should {possess exceptional qualifications, an intimate 
knowledge of Scientific and Industrial Chemistry, and a capacity for 
organisation. 

A substantial salary will be paid to the Director, who will be 
ultimately required to devote his whole time and attention to the 
affairs of the Institute. The Company, however, are prepared to con- 
sider applications from those who may not be able at once to comply 
with this condition. 

Applications, by letter only, should be addressed to the Clerk of 
thf. Salters' Company, Salters' Iiall, St. Swithin's Lane, London, 

E C. 4. 


DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH. 

TIN AND TUNGSTEN RESEARCH BOARD. 

T he tin and tungsten research 

BOARD invite proposals from firms or otheis 
associated with Metallurgical Chemistry who are in a 
position and feel disposed to undertake RESEARCH 
WORK with a view to increasing the EXTRACTION 
of TIN and TUNGSTEN from CORNISH ORES 
by the introduction of improved processes. 
Communications should be addressed to— 

THE SECRETARY, 

Tin anp Tungsten Research Board, 

15, Great George Street, 

Westminster, S.W. i. 
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SPECIAL NOTICE TO SUBSCRIBERS. 

The recent paper restrictions have compelled us 
to publish only fortnightly instead of weekly for a 
time, but we are now glad to be able to announce 
that we are to be allowed a further supply of paper, 
which will enable us to revert to weekly publication 
in the near future. 

Beginning with No. 3064, to be published on January 
3, 1019, the Chbmical News will again appear weekly, 

and the dates of expiration of subscriptions will be 
adjusted accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their subscription 
periods. The price will remain unaltered, viz., £1 
for fifty-two numbers, or pro rata . 


THE NATIONAL ASPECTS OF CHEMISTRY.* 

By WILLIAM JACKSON POPE, M. A., D.Sc., LL.D., F.R.S, 
Protestor of Chemistry in the University of Cambridge, 
and President of the Chemical Society. 

During the past three or four years it has been unusual 
to peruse any British newspaper without meeting with 
some remark indicative of the writer’s conviction that the 
more intensive cultivation of chemistry is essential to the 
national well-being. For the half century previous to 1914 
every chemist of distinction in our country had seized 
every available opportunity of insisting that the national 
neglect of chemistrv, and, indeed, of natural science in 
general, was leading the nation into difficulties ; in the 
main, the declamations of Roscoe, Armstrong, Meldola, 
and many others whose names are household words in the 
chemical world, fell upon deaf ears. 

Some attempt should be made to explain the rapid 
change of public opinion with regard to chemistry which 
set in with the autumn of 1914 ; we require to understand 
clearly how neglect of any scientific subject could so sud- 
denly give place to absolute worship. 

The reason is one which will be readily appreciated. 
For the past century chemistry has been a favourite sub- 
ject of study in this country, and many of the mile-stones 
in the rapid advance of this branch of experimental science 
have been placed by British chemists ; many of the im- 
portant chemical industries were established in England 
and flourished until State-aided foreign competition caused 
their transference abroad. Public interest was never 
awakened to the national importance of conserving these 
British industries, and they consequently languished as a 
result of greater administrative astuteness exhibited on the 
Continent. At the commencement of the war our chemical 
industries had declined to such an extent that Great 
Britain was dependent on German chemical industry for 
materials essential to practically every large manufacturing 
operation. 

Tbe sudden check upon German chemical imports into 
this country led to the embarrassment of all productive 


* A Lecture to Teachers given at the Recent Street Polytechnic on 
Saturday, October xa, 1918, under the auspices of the London County 
Council Education Department. 


enterprise in Giett Britain. The stoppage of German 
coal-tar dyes worth about ,£2,000.000 per annum, checked 
a turnover of £200, 000,000 per annum in textiles to such 
an extent that the production of khaki woollens for the 
troops was endangered ; natural and artificial pharmaceuti- 
cal products, such as quinine, salicylic acid, and anti- 
pyrine, mostly controlled or produced by Germany, rose 
to phenomenal prices ; alloys necessary in tbe manufacture 
of steel for high-speed tool and armour plate, again 
largely of German origin, were difficult to obtain. 
Hundreds of other instances might be quoted to show the 
inhibitive effect produced upon industries representing an 
annual turnover of a thousand million pounds by the im- 
possibility of obtaining a few million pounds worth per 
annum of necessary materials. 

We know now that these results were not fortuitous ; 
they eventuated from a carefully-planned and splendidly 
executed scheme for seconding military effort by economic 
preparation; a nation embarrassed in its industries is 
necessarily weakened both in defence and offence. 

The tardy realisation of the fact that Great Britain had 
been brought to the verge of ruin by her neglect of applied 
science has been a great stimulus to public interest ; prob- 
ably it is not even yet understood that the neglect of pure 
science is at least as much responsible for the imminence 
of disaster. 

Tte few examples just quoted will probably suffice to 
indicate that the science of chemistry really possesses 
national aspects, and that these are not unimportant at 
economic factors. In order to accentuate this point it will 
be useful to outline briefly the history of one or two im- 
portant advances in technical science. 

The metal tungsten was prepared by three Spanish 
chemists in 1783. About sixty years ago a firm of Sheffield 
steel manufacture discovered that the addition of 
tungsten to steel results in the production of an alloy of 
great value as a high speed cutting tool material. At that 
time the manufacture of metallic tungsten bad been but 
imperfectly studied, but during later years the Germsn 
metallurgical chemists succeeded in msnufseturing 
tungsten at such a cost that its use in high speed steel 
became practicable ; a monopoly of the supply of 
tungsten to Sheffield was thus established by Germany. 
Although one-half of the world’s production of tungsten 
ore is mined within the British Empire its smelting was 
entirely in German hands ; all the tungsten ere produced 
in the Empire was worked op by Germsn metalluigical 
firms and tbe produced tungsten sold by Germany to the 
Sheffield steel-makers who had firat actually invented 
tungsten-steel. At tbe outbreak of war the shortage of 
tungsten stocks in this country led to a Government 
inquiry, and, in the end, the manufacture of tungsten was 
installed in Great Britain with such success that the 
English smelted metal is now being supplied to the steel- 
makers in a higher state of purity and at a lower price 
than the German product. It is worthy of note that but 
little tungsten is mined in Germany ; a small output is 
obtained from the Saxony mines, and the only adjacent 
non-enemy sources are in Spain and Portugal. It is also 
noteworthy that whilst no German technologist or chemist 
made any strikingly novel contribution to the develop- 
ment of the tungsten-steel industry, whilst no important 
source of the raw material lay in German territory, the 
major portion of the profits derived from this modern in- 
dustry fell into German bands. 

The manufacture of steel \was a highly developed in- 
dustry in Brest Britain long before Germany had secured 
any production, and another illuminating ease of tbe 
national importance possessed by a purely chemical in- 
dustry is found in tbe history of German steel production. 
The scientific study of steel was initiated in this country 
by Sorby, of Sheffield ; tbe microscopical methods of 
examining metallic alloys introduced by Sorby were 
developed by English metallurgists, such as Roberts- 
Austen, Stead and Arnold, and Heycock and Neville, long 
before any German metallurgist wotked upon them 
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the later developments of these methyls of examination 
has shown their results capable oi interpretation in the 
light of the modern doctrine of equilibrium as first 
enunciated by the American chemist, Willard Gibbs. 

The German Empire is poor in iron ores, and all which 
possess any importance are found on her frontiers. The 
Lorraine district annexed by Germany in 1871 contains 
an iron-ore reserve of about 1,800,000,000 tons and yields 
about three-quarters of the whole German steel output. 
The adjacent French territory, temporarily in German 
hands, has an ore reserve of about 3,000,000,020 tons of 
appreciably richer materials. A mistake was apparently 
made by Bismarck in his demands for territory after the 
Franco-German war by which, as transpired with the 
rapid development of metallurgical science, he left the 
most valuable of (he iron deposits of Lorraine in French 
hands ; just before the present war the French and 
German outputs of iron from the Alsace-Lorraine region 
were roughly equal. The ore from this district is a brown 
haematite very rich in phosphates ; since the war of 1870 
an economical process for treating these ores has been 
developed which yields as a by-product a basic slag which 
is of great value as a manure because of its high phosphorus 
content. When the Alsace-Lorraine iron fields are re- 
turned to France, Germany will be deprived of her main 
source of raw material for the manufacture of iron and 
steel. There are, however, in the Ukraine enormous 
deposits of a limonite which is very suitable for the manu- 
facture of a high-grade Bessemer steel; this fact is, 
perhaps, not unconnected with German action upon her 
Eastern fighting lines. 

One more instance of the important bearing of chemical 
science upon national concerns may be given before an 
attempt is made to draw the obvious conclusions. Round 
about Stassfurt, in Central Prussia, lies the dried-up 
residue of a vast pre-historic ocean. Eacl) separate 
materia], sodium chloride, potash and magnesium salts, 
salts of bromine and iodine, which can be obtained by the 
evaporation of sea-water, is here found in a solid bed and 
can be readily mined. Of these components, the potash 
salts are the most valuable. During many years past 
potash salts have been used in constantly increasing 
quantities as agricultural manure ; during the years which 
lie in the near future still larger quantities of potash salts 
must be thus used in order to aid the intensive cultivation 
of the soil which will be necessary to feed the world. 
Stassfurt potash was first put on the market in 1861, and, 
by its low cost, quickly displaced the potassium salts 
obtained from other sources. 

It is interesting to notice that the territory ceded by 
France to Germany in 1871 contains a series of deposits 
very similar to those in the Stassfurt district ; about one- 
tenth of the German potash was indeed mined in Alsace 
before the war, and this output has since been materially 
increased. 

For a number of years past Germany has produced 
potassium salts roughly equivalent to one million tons of 
potash per annum, and of this production 90 to 95 per cent 
is used as manure. In 1913 about one-half of the output 
was exported, but in 1917 only about one-seventh of the 
production was exported, the six-sevenths being used to 
replace previously imprrted manures such as phosphates 
and nitrates. The shortage of potassium salts outside 
Germany has been much fcl during the last four years, 
and many attempts t*> provide the missing material have 
been made ; one very promising of these is to be found in 
the separation of potash salts from the iron blast-furnace 
flue gases. This source of potash salts has been carefully 
examined by Mr. Kenneth Chance, and it seems clear that 
the agricultural needs of the country can be met by its 
utilisation. England imported about 23,000 tons of potash 
salts per annum from Germany before the war ; France 
consumed about 90,000 tons per annum, and it is estimated 
that the French production of potash salts will this year 
amount to onlv 5000 tons. 

Other considerable sources of potassium salts are known. 
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Thus, in the purification by crystallisation of the 3,000,000 
tons of Chili saltpetre extracted per annum, about 300,000 
tons of potash arc extracted, a quantity which would go 
far towatds making up the deficit on German expoits. 
Hitherto, however, this source of potassium salts has not 
been exploited technically ; it has probably been carefully 
watched and held in check by the certainty of under-cost 
competition. 

Other valuable constituents of the Stassfurt and Alsace 
salt deposits are iodine and bromine; htre again no 
other source of these elements has been allowed to 
compete. 

The consideration of the manner in which important raw 
materials, of which iron, tungsten-steel, potash, iodine, 
and bromine are but a few, have been dealt with by 
Germany leads us to draw one important conclusion with 
absolute certainty. There have existed for many years in 
Germany bodies composed of men of wide expert know- 
ledge concerning the economics of raw materials whose 
advice on chemical production is received and acted upon 
by the higher political and military authorities. The 
uniform intelligence with which practically the whcle 
world's production of raw materials has been transferred to 
German hands, the wide spread and far-reaching rami- 
fications of the pre-war German control of essential 
mineral and vegetable products, have been exhibited upon 
so vast a scale that they cannot be attributed to the mere 
commercial enterprise of individual business concerns 
ununified by Government aid. Germany has long had a 
definite policy for dealing with the raw materials produced 
within the British Empire ; Great Britain has had 
none. 

In this connection it would seem necessary to introduce 
the idea of a new sub-division of knowledge. The earth 
provides us witi vast numbers and quantities of direct 
products which serve as the raw material for our great 
industries ; these products are, of course, not uniformly 
distributed but are derived in quantities and qualities 
determined by the geographic and climatic conditions pre- 
vailing in any part of the world. The study of chemical 
geography would seem to be of prime importance to such 
an Empire as ours, in one corner or another of which is 
to be found in paying quantities practically every raw 
material for which mankind has found a use. The study 
of chemical geography at once makes clear that if Germany 
loses control of the coal, iron, and potash deposits on the 
West, and of the Galician oil wells on the East, and is 
deprived of the handling of the raw materials produced 
abroad, the German Empire falls automatically into tne 
position of a fourth-rate power. 

Similarly, the chemical geography of Central Africa 
indicates that the importance of that region lies less in its 
mineral wealth than in its potentialities as a producer of 
food-stufis and primarily of vegetable fats. At present a 
world shortage of fats exists, and European requirements 
for food purposes can only be met in the future by im- 
portation from Africa. The loss of the German Colonies 
in Africa is very significant in this connection. 

An illuminating article on the difficulties of the German 
situation with regard to edible fats appeared in one of the 
German technical journals of August last from the pen of 
Dr. W. A. Dyes. This gentleman spent many years in 
Manchester as a consulting chemist, and after being 
interned in this country until the end of 1915 was allowed 
to return to Germany. His wide knowledge of the 
chemical industries of this country and America has 
certainly been used to the material advantage of bis 
country since his return home. In the article in question 
Dyes comments on the fact that the English production 
of margarine has risen from 88,000 tons in 1907 to about 
240,000 tons in 1915, these figures being available before 
he quitted our shores, and remarks ruefully that the 
British Empire produces four-fifths of the world's output 
of palm and coconut oil. He doubts whether it will be 
worth while for Germany to attempt to bring her lost 
Colonies into oil production after the war, and is only 
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able to suggest that more intense efforts should be made 
to cultivate oil bearing plants in Germany itself. 

The attempt has been made above to show how an 
intimate acquaintance with the sources of supply of count- 
less chemical raw materials, and an intelligent Govern- 
ment policy in connection with those sources of supply, 
acting through business and technical hands, has enabled 
an enemy power to gradually obtain the main control of 
British raw materials ; many other instances of the same 
kind are known to readers of the daily press. If it is so 
essential to Germany, in view of her comparative poverty 
in essential raw materials, to possess this knowledge and 
to be able to wield this power, does it not seem far more 
necessary that Great Britain should command a Depart- 
ment fully alive to all the productive possibilities of the 
Empire; a Department, in fact, which should be the 
authority upon the chemical geography of the Empire. 

During the past four years we have had a very hard 
struggle to hurriedly ensure the supply of essential raw 
materials which actually occur in predominant quantity in 
this country and her colonies ; conspicuous as the 
success has been yet it has not been complete. 

The statement his been made repeatedly that, vast as 
our Empire is, it is lacking in certain essential raw 
materials ; this statement is of doubtful accuracy, but it 
must be conceded that a few necessaries are not produced 
at present within the Empire. Our poverty in potash is 
often instanced as a striking example of this lack. Quite 
recently a well known German authority published the 
following statement: — “The potash monopoly is an im- 
portant weapon in the economic war which the Entente 
intends to carry on against Germany ; potash will be of 
great importance in bringing German currency to a normal 
footing/ 1 We have already seen that ample potash 
deposits occur in territory which will soon be again 
in French bands, and that very satisfactory progress has 
been made in the production of potash salts from blast- 
furnace gases ; other sources of this valuable manurial agent 
are being rapidly exploited in Europe and America, and, 
although it is not yet known whether these can compete 
economically with German or Alsacian potash, it is at 
least clear that they will suffice in any time of shortage. 
Oar Empire is said to be lacking in bromine, of which the 
chief source in past years has been the Stassfurt deposits. 
Bromine was separated in 1826 by the French chemist 
Balard from sea-water, and at present France is producing 
about 500 tons per annum largely from the residual 
mother-liquors obtained by the evaporation of sea-water in 
the south of France ; her pre-war annual consumption was 
about 300 tons. It seems probable that the manufacture 
of bromine and its compounds could be established profit- 
ably as adjuncts to the great sea-salt industry on the 
coasts of India. 

Again, quinine is probably the most essential phar- 
maceutical to any nation, and scarcely any is produced 
within the Empire ; 97 per cent of the world’s production 
of quinine is obtained from Java cinchona bark- If Great 
Britain desired to render herself independent of Holland 
in the question of quinine supply she most certainly could 
do so with ease. In fact, it is difficult to name any 
essential raw material which could not be produced in 
either home or colonial territory ; owing in the main to 
neglect of the importance of chemical geography we have 
allowed ourselves to become so dependent on other 
nations for necessary mateiials that our resources become 
strained immediately our foreign trade experiences dis- 
turbance. The many vital problems involved in this large 
question may well present a fitting subject for treatment 
by the Ministry of Reconstruction. 

From wbat has been said it will be realised that ra v 
chemical products, great in number, and many of which 
represent in themselves but small financial interests are 
necessary to the maintenance of such enormous industries 
as those of iron and steel and of textiles. The failure in 
supply of a little tungsten or a small amount of coal-tar 
colour almost paralyses industries which are colossal as 
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compared with the tiny industries which can so impede 
production. Many of the smaller chemical industries 
are, in fact, key industries, and one of the chief functions 
of all Government administration of commerce would 
appear to be to ensure that essential though small chemical 
industries should be maintained in a flourishing condition 
and in such circumstances that their breakdown is impos- 
sible during any period of crisis. 

For illustrative purposes it has been convenient to quote 
above several industrial chemical operations as instances 
which show the intimate relationship between chemistry and 
national prosperity. It is, however, necessary to enquire a 
little further and to ascertain upon what loundations a 
flourishing chemical industry is based. All German 
technological chemical prosperity has been founded upon 
the conviction that accurate and detailed scientific re- 
search is the only sure starting-point for any branch of 
technical production. It has been realised, not only that 
some brilliant piece of experimental work is necessary for 
the initiation of any new technical development, but that 
incessant scientific work perhaps of rather a routine and 
uninteresting character, is at least necessary to the 
development of the new industry ; so soon as the scientific 
study of a technical process stops further development 
ceases, and sooner or later the process itself becomes 
obsolete owing to the introduction of some rival method 
based on more advanced scientific investigation. The 
neglect of this truth, that technical progress can only 
result from scientific progress, has been the undoing of a 
number of British industries. 

As an example of this may be quoted the production of 
indigo. Indigo has been obtained as a vegetable product 
from time immemorial, and it is no exaggeration to state 
that the processes still used in India for the separation of 
indigo from the plant in a marketable form have undergone 
little change daring the past thousand years. With the 
advance oi organic chemistry the artificial manufacture of 
indigo from coal tar products became possible, and, as a 
result of the expenditure of some millions of pounds on 
chemical investigation, the German colour works succeeded 
in placing artificial indigo on the market at prices against 
which the natural article could not compete. During the 
last few years Mr. Davis and Dr. Armstrong have occupied 
themselves with the improvement of the natural indigo 
production, and it seems probable that they are about to 
establish a conclusion which has suggested itself as a pos- 
sibility to many chemists, namely, that by attention to 
plant development, appropriate manuring and improved 
methods of separation, natural indigo of dyeing properties 
superior to those of the synthetic article should be pro- 
duced at a cost which would kill the latter. 

The whole question of the problem involved in indigo 
production is one of peculiar interest. Natural vegetable 
products are formed as the result of the carrying out of 
certain chemical operations bvthe plant ; these operations 
are entirely analogous to those carried on in a chemical 
works devoted to the manufacture of chemical products, 
with the distinction that they do not call for the erection 
of costly plant and works and the ranning expenditure of 
large sums on the production of power. Cheap produc 
tion of a vegetable product by some synthetic works 
process is thus handicapped in comparison with the natural 
production in which the plant is its own chemical works, 
endowed with a remarkably efficient control, drawing its 
materials from the soil and its power from the sun. There 
seems no reason why the British Empire, which in some 
corner or other possesses just the climate and soil neces- 
sary to the production of some important low-priced 
vegetable chemical substance, should allow any of the 
cheaper chemical materials of vegetable origin to be manu- 
factured at a lower cost in a chemical works. 

For many years past it has been said that the artificial 
production of indiarubber, first effected in England by 
Ti'den, is on the point of successful exploitation as a 
manufacturing operation in Germany ; although consider- 
able quantities of artificial indiarubber have been made in 
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Germany the cost has undoubtedly been prohibitive to 
large scale manufacture. A plant which produces a 
complex organic compound at a cost of anything near a 
shilling a pound may be safely trusted, if properly handled, 
to defy all competition on the part of the technical 
chemist. 

In this connection it is interesting to notice that the 
imminent shortage of foodstuffs in Central Europe has 
led to organised scientific attempts to utilise vital pro- 
cesses more effectually than hitherto for the production of 
foods for higher animals. Vast quantities of valuable 
chemical materials are now allowed to run to waste from 
many chemical operations because they are dissolved in 
effluent water in such a state of dilution that their re- 
covery would be unprofitable. Materials contained in 
dilute solutions are in just the condition which adapts 
them to recovery or utilisation by some biochemical 
method ; the whole bacteriological purification of sewage 
is based upon this fact. During the last few years a 
process has been perfected in Germany for inoculating the 
waste liquors from sugar refineries, distilleries, paper 
works, and starch works, with a specific variety of yeast 
which grows quickly and produces no alcohol ; the yeast 
increases rapidly in quantity at the expense of the carbo- 
hydrates in the waste water, and ammonium salts which 
are added, and is ultimately separated and dried. It is 
stated that ioo parts of sugar or its equivalent present in 
the effluent and 37-5 parts of nutritive ammonium salts 
yield 150 parts of compressed yeast : after drying this 
contains 40 to 60 per cent of albuminous matter. 

The dried yeast, so rich in nitrogenous food materials, 
s used as cattle fodder, and it is stated that it can be used 
in human food to replace a large proportion of the neces- 
sary albuminoids. The number of works being used for 
the production of this new foodstuff is being constantly 
increased. 

It will be recognised that the working out of such a 
salvage process as the one just described has called for the 
performance of a vast amount of experimental work ; the 
search for just the proper variety of organism by the bio- 
chemist and the definition of just the proper conditions for 
its propagation in the diverse kinds of effluent to which it 
is to be applied constitutes a really formidable task. It 
cannot be doubted that the principle underlying the 
operation is a sound one ; other things being equal, it is 
cheaper to work with the aid of a lower organism than 
with the assistance of skilled labour and costly plant and 
equipment. We may expect to see many developments 
of biochemical industrial processes in the near future. 

It has been indicated that pure scientific research forms 
the basis of all technical chemical progress. The proper 
appreciation of the national aspects of chemistry must 
bring with it a great increase in the mass of experimental 
scientific work carried out in Great Britain ; the large 
output of chemical research in Germany for many years 
past has borne a direct relation to the development of the 
chemical industries in that country. 

Great Britain has a record in chemical discovery of 
which she may well be proud, and in consequence many 
chemical]industries may be justly claimed as based directly 
upon British discoveries. The coal-tar colour industry 
was initiated by the discoveries of Perkin, and was indeed 
established by him in this country before it was ultimately 
transferred almost wholly to Germany. Another instance 
perhaps less generally known may be quoted. 

About a century and a half ago Cavendish discovered 
that atmospheric nitrogen and oxygen can be caused to 
combine at the high temperature of the electric spark ; this 
was an observation of purely scientific interest, and has 
since been used in numberless pieces of scientific work. It 
was applied by Lord Rayleigh a few years since to the 
separation of the new element argon from the air. 

The shortage of nitric acid, which is so essential to the 
manufacture of explosives in Central Europe, has led to 
the systematic study of the large scale combination of 
nitrogen and oxygen with a view to the use of the reaction 
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in the manufacture of nitric acid. The process of con- 
verting the constituents of the atmosphere into nitric acid 
is completely successful, and is actually in use for tbe 
manufacture of most of the huge quantities of nitric acid 
used in the preparation of explosives for Central Europe. 
Sooner or later this or some analogous process must be 
installed in Great Britain for the puipose of replacing 
Chili saltpetre as a source of nitric acid. 

In this, as in the working out of so many other British 
conceptions, Germany has been at a great advantage over 
us in that she has been always able to command the 
assistance of large numbers of competent workers to do the 
careful and systematic, although unexciting, work neces- 
sary to tbe determination of all the essential conditions 
governing a particular chemical reaction. For this reason 
the development of great scientific discoveries made in ibis 
country has been too often left to German hands, and the 
practical fruits of those discoveries have been .gathered 
outside Great Britain. 

It is not enough only to lay down and carry out a 
definite policy concerning the handling of all the raw 
products of the Empire ; it is essential that the policy 
should be adopted of systematically directing the youthful 
intelligence of the nation towards natural science, and 
that tbe policy should be carried out strenuously and 
liberally. 


THE PREPARATION AND PROPERTIES OF 
ANILINE STANNICHLORIDE. 

By J. G. F. DRUCE. 

Several workers have described various double halides of 
tin and aniline, which have invariably been obtained from 
mixed solutions of the component salts, although it has 
been known for a long time that aniline stannichloride is 
obtained as an intermediate product in the reduction of 
nitrobenzene with tin or stannous chloride and hydro- 
chloric acid in the ordinary laboratory preparation of 
aniline. 

Slagle (Am. Chem. Journ., 1898, xx., 633) describes 
the salt with three molecules of water of crystallisation, 
(C6H 5 NH2)a-HaSnCl6.3H a O, which he obtained from 
mixed solutions in hydrochloric acid containing two mole- 
cular proportions of base to one of stannic chloride. His 
preparation has been successfully repeated, but the com- 
pound 4C6H5NH2.SnCl4.4HCl, termed tetraniline chloro- 
stannate, and described by Richardson and Adams {Am. 
Chem . Journ.t 1899, xxii., 446), has not been isolated. 

The hydrated amine stannichloride was obtained as 
very pale pink taplets which lost water on heating, and 
the amorphous residue eventually melted at 292° to a 
brownish liquid. 

On analysis : — 

0*4623 grm. gave 0*1210 grm. SnO a ; Sn - 20 62 per 
cent. 

0*2775 grm. gave 0*2409 grm. AgCl; Cl « 37 03 per 
cent. 

(C6H 5 NHa)a-HaSnCl6.3H20 requires Sn « 2074 and 
Cl - 37*06 per cent. 

The salt just described was formed less readily than the 
anhydrous compound which has been prepared very satis- 
factorily from nitrobenzene. Ten grms. of the nitro body 
and 15 grms. of tin were put in a round flask fitted with 
an air condenser. Concentrated hydrochloric acid was 
added 10 cc. at a time until 80 cc. had been introduced. 
The mixture was warmed until the nitrobenzene had dis- 
appeared and the metal had dissolved. If the contents of 
the flask were cooled at this stage the liquid set to a mass 
of granular crystals (anhydrous stannichloride), but, as the 
following equation for the reduction indicates, two-thirds 
of the tin is left as uncombined stannic chloride : — 

2C6H 5 N0 2 + 3Sn-l-i4HCl» 

-(C 6 H 5 NH 2 )aHaSnCl 64 - 2 SnCl 4 + 4HaO. 
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Instead of crystallising at this stage the solution was 
treated with 200 cc. of warm dilute hydrochloric acid, and 
18 grins, of aniline were stirred in to unite with the uncom- 
bined stannic chloride. On cooling, an almost quantita- 
tive yield of anhydrous aniline stannichloride was obtained. 

On analysis : - 

0*4289 grm. gave o 1249 grm. SnOa ; Sn - 22*93 per 
cent. * 

0*2675 grm. gave 0*4432 grm. AgCl ; Cl - 40*99 per 
cent. 

(C^H5NHi) 2 HaSnCi6requires Sn - 22*89 and Cl — 40*94 
per cent. 

If stannous chloride be used instead of the metal the 
reduction is completed in a shorter time, but there is more 
uncombined stannic chloride in solution. The equation 
representing this reaction is : — 

2CgH 5 N0 2 + 6SnCl a f 14HCI- 

«(CGH 5 NHa)aHaSnCl645SnCl444HaO. 

When aniline was shaken up with twice its weight of 
hydrated crystalline stannic chloride, SnCl^sHaO, in a 
small stoppered bottle for ten minutes a white pap was 
produced, resembling that described by Borsbach ( Ber ., 
1890, xxiii. , 431) which he obtained with quinoline and 
stannic chloride. This pap dissolved in warm dilute 
hydrochloric acid and the solution deposited crystals of 
the stannichloride. 

Aniline stannichloride can also be prepared by reducing 
azobenzene with stannous chloride and hydrochloric acid. 
When the reaction was carried out by dissolving 2*26 
grins, stannous chloride in 50 cc. of dilute hydrochloric 
acid (1:3) and adding 0*9 grm. azobenzene, the reduction 
proceeded very slowly unless the mixture was kept hot so 
that the azobenzene, which is insoluble in water, re- 
mained liquid during the operation. The reduction was 
more rapid when an alcoholic solution of azobenzene, 
stannous chloride, and hydrogen chloride was employed. 

The reduction may be represented by the equation : — 

C 6 H 5 N:NC6H 5 + 2SnCla + 6HCl- 

- (CgH 5 N Ha)aHaSnCl 6 + SnCI 4 - 

As th*‘s equation indicates, half of the tin present 
remains in solution as uncomkined stannic chloride, and 
in the above experiments was present in the filtrates 
after the aniline salt had been separated. When 0*9 
grm. aniline was added to the filtrate and the mix- 
ture warmed, a second crop of the double salt was obtained 
on cooling. 

Similarly hydrazobenzene was converted into aniline 
stannichloride by treatment with stannous cbloiide and 
hydrochloric acid. This method of preparing the com- 
pound, like the preceding one, is of theoretical interest 
only. The reaction can be expressed by the equation : — 

C0H5.NH.NH.C6H5 hSnCIa HHCI- 

-(C6H 5 NHa)aHaSnCl6. 

Anhydrous aniline stannichloride was colourless when 
pure and melted at 293 J with slight decomposition. It 
was soluble in water at i6 J to the extent of about 28 grms. 
in 100 cc. The aqueous solution did not hydrolyse 
unless it was boiled for some time, when hydrochloric 
acid fumes escaped, or unless it was kept for some days. 
The presence of a few drops of dilute bydiochloric or 
nitric acids prevented or greatly retarded this separation 
of hydrated tin oxide. 

On keeping, and particularly in sunlight, the hydro- 
chloric acid solutions slowly darkened in colour and 
ultimately became quite black and opaque. The presence 
of a small quantity of nitrobenzene considerably accelerated 
the darkening. It was found possible to remove this dark 
colour by warming with stannous chloride solution or with 
zinc dust, and thus it seems probable that darkening is 
due to oxidation. No definite substance has been isolated 
or identified, but the dark body was extracted with ether, 
in which it was soluLle, and apparently a small amount 
can produce an intense coloration. 
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Aniline stannichloride was soluble in alcohol but in- 
soluble in ether, chloroform, carbon tetrachloride, benzene, 
ligroin, and glacial acetic acid. 

It dissolved in concentrated sulphuric acid with 
effervescence, hydrochloric acid gas beiog rapidly evolved 
on gently warming. No definite compound was extracted 
from the residue. When a few drops of a potassium 
bichromate solution were stirred into the concentrated 
sulphuric acid solution of the salt an intense blue colour 
developed. 

On adding an aqueous notation of the salt to bleaching 
powder solution an intense violet colour was produced. 
The substance also gave the carbylamine reaction lor 
primary amines. 

Aqueous and dilute acid solutions of the compound gave 
a bright yellow colour when dropped on to ordinary paper 
or wood ; pure filter-paper remained uncoloured, which 
indicates that the stannichloride reacts in some way with 
lignocellulose. 

The substance reacted violently with concentrated 
nitric acid, and from the reaction product a little p-nitr- 
aniline was isolated. When boiled with moderately 
dilute nitric acid nitrophenol was formed. 

The aqueous solution of aniline stannichloride reacted 
strongly acid to indicators, and it has been found possible 
to estimate the total chlorine in the compound by titration 
with decinormal caustic soda solution, using phenol- 
phthalein as indicator. 

This points to the quantitative character of the action 
of caustic alkalis of aniline stannichloride. At first the 
solution became cloudy on addition of alkali, owing to 
the separation of aniline and colloidal stannic hydroxide, 
which redissolved when excess of alkali was added. In 
the volumetric experiments it was found that the pink 
colour of the phenolphthalein appeared whilst the solu- 
tion was still cloudy, and the amount of alkali required to 
colour the indicator was exactly that required to neutralise 
the hydrochloric acid produced, assuming all the chlorine 
present was converted into acid by hydrolysis, accelereted 
by the alkali. Hence the following equation represents 
the complete reaction 

(C 6 H s N Ha)aHaSnCl6 f- 6NaOH - 

- 2C 0 H 5 NHa+ 6NaCl + 2H 2 0 + Sn(OH) 4 . 

The titration was cairied out by dissolving about 0*2 
grm. of the salt in about 25 cc. of water, and after adding 
one or two drops of a phenolphthalein solution the deci- 
normal solution of alkali was run in until the pink colour 
of the indicator appeared. 

The following table indicates the validity of the as- 
sumption expressed in the above equation and also the 
degree of accuracy attained in this method of determining 
the percentage of chlorine present. 



We^ht of 

N/io NaOH 

= per 

Theoretical 

lixpt. 

bait takcu. 
Grm. 

required. 

Cc. 

cent Cl. 

per ceut Cl. 

1 . 

OI442 

16 70 

41*02 

40*88 

2. 


21*20 

40*96 

— 

3 - 

0*2190 

25*10 

40*64 

— 

4 * 

0*2869 

i i ’95 

4070 

— 


When the compound was heated with an equal quantity 
of aniline at 150 — 160 J for one and a-half hours a small 
quantity of diphenylamine was produced. Conditions of 
temperature and time of heating were varied, but the yield 
of secondary amine was always very low. 

It was thought that aniline stannichloride could be used 
in Skraup's synthesis of quinoline instead of the aniline 
and nitrot enzene usually employed, the oxidising functions 
of the nitrobenzene being undertaken by the stanni- 
chloride radical. This expectation has been realised, and 
a good yield of quinoline was obtained by this method, 
which docs not involve so many operations as the original 
synthesis, as the following experiment shows. 

Fifty grms. of aniline stannichloride were mixed with 
50 grms. of glycerol and placed in a round Bask of 1 litre 
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apacity and fitted with a reflux condenser. Fifty grins, 
of- concentrated sulphuric acid were slowly added with 
shaking ; hydrochloric acid fumes were evolved, but there 
was no great development of heat. On warming with a 
naked flame the mixture, which was not homogeneous to 
start with, became quite clear, and on continued gentle 
heating for an hour a pale brown colour gradually 
developed. After cooling, the solution was diluted with 
400 cc. of water and a solution of sodium nitrite was 
added to the well cooled mixture until on testing a few 
drops with starch-potassium iodide indicator the latter 
turned blue. After standing for an hour the contents of 
the flask were boiled for twenty minutes and then cooled. 
The solution was made alkaline with caustic soda and 
subjected to steam distillation. A milky distillate collected 
in the receiver, and from this, by extraction with ether, 
drying over calcium chloride, and distilling off the solvent, 
20 grms. of quinoline (b.p. 234—236°) were obtained. 
This yield is So per cent ol the theoretical. In the ordinary 
method of preparing quinoline, using nitrobenzene as the 
oxidising agent, the yield is said to be 75 per cent of the 
theoretical (calculated on the weight of aniline taken). 

o-Toluidme stannicbloride, (CH3.C6H 4 .NH 2 )HSnCl, 
prepared from o-nitrotoluene in a similar way to the 
aniline salt, also gave a good yield of 8 methylquinoline 
when heated with glycerol and sulphuric acid as in the 
above modification of Skraup’s synthesis. 


CHROMITE.* 

By J. C. WILLIAMS, Assistant Director, Experimental Ore 
Dressing and Metallurgical Plant. 

Effect of the War, — The production of chrome ore in the 
United States must be increased. Chrome ore and pro- 
ducts derived from it are indispensable in many industries 
concerned with the manufacture of materials necessary for 
war purposes. The requirements are far in excess of the 
domestic production so that the demand for chrome is 
steadily increasing. Therefore, unless a necessary amount 
can be produced in this country, requirements must be met 
by importations from distant sources, for which shipping 
can hardly be spared. Consequently every effort must be 
made so that ships now engaged in the transportation of 
chrome ore may be UBed elsewhere. 

Foreign Deposits . — The most important foreign deposits 
are those of New Caledonia, Turkey, and Rhodesia. In 
addition, chromite is mined in small quantities in Russia, 
India, Australia, Greece, Canada, and Newfoundland. 
All foreign deposits occur as irregular masses or pockets, 
similar to the deposits in California, so that mining and 
treatment methods similar to those used abroad can be 
used here. 

Chrome Ore in the United States. — When it is realised 
that in 1916 the imports of chrome ore amounted to 
114,655 long tons the importance of domestic sources 
becomes apparent. In 1913 the output in the United 
States was 244 tong, in 1916 about 47,000 tons, and the 
1917 output is estimated to have been 41,000 tons. The 
yearly requirements are more than 150,000 tons. The 
most valuable deposits of chrome ore in the United States 
occur in California, Oregon, Maryland, Pennsylvania, 
North Carolina, and Alaska. The greatest part of the 
country's supply is on the Pacific Coast and the greatest 
demand on the Atlantic. Transcontinental tr msportation 
from the producers to the consumers is therefore a large 
problem in itself. It must be borne in mind, when noting 
the increase of domestic production from X913 to 1917, 
that the ore which has been extracted came from localities 
which have been well known for a number of years and 
which were easily accessible. The future production must 
come, to a large extent, from places difficult of access with 
probably a long haul to a railroad. Possibly some output 

* Circular of Information, Colorado School of Mines, Golden, Colo. 
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may come from small or low grade deposits, in spite of 
the fact that the final cost of the product will be greater 
than that of material from deposits of a more favourable 
nature. 

In the United States chromi.e in commercial quantities 
was fitst discovered by Isaac Tyson, jun., near Baltimore, 
Maryland, in 1827. The story ol the discovery and 
development 7 forms a most interesting chapter in the 
history of American mining. Tyson had become Interested 
in the recently discovered element chromium, and at that 
time was probably the only man in America who pos- 
sessed the knowledge necessary to make use of his dis- 
covery. He one day noticed a farmer driving a wagon in 
which were barrels kept from rolling by blocks of a heavy 
black ore. These he determined to be chromite. He 
found the locality from which they came and acquired 
chromite bearing ground. He studied these deposits and 
came to the conclusion that chromite would be found only 
with serpentine, a line of reasoning that enabled him to 
discover chromite in other localities. From 1828 to 1850 
the district near Baltimore supplied most of the chrome 
ore consumed by the world. The manufacture of chrome 
yellow was started there in 1828. The export trade from 
Baltimore came to an end about i860 on account of the 
development of the larger and richer Turkish deposits. 

Uses of Chromium.— The demand for chrome ore arises 
chiefly from its use in making alloys, such as ferro-chrome 
and the like, used in manufacturing steel for projectiles, for 
armour plate, and for cutting tools, in making refractory 
chrome brick and furnace lining, in chemical industries for 
the production of many colours and dyes, and in tanning. 
It9 application for these purposes is increasing, and the 
demand for it is steadily growing. On account of its 
great heat resisting qualities chromite is used as a neutral 
refractory lining for furnaces. It is either made up into 
bricks with various binders, or lumps of the ore are packed 
in tight to make a solid lining. Chromite has two valuable 
qualities for these purposes ; it stands change of tempera- 
ture well and also resists strongly the action of molten 
metals. For refractories an ore containing 38 to 45 per 
cent of chromic oxide can be used. The most important 
use,* however, is for making ferro-chrome. 

Metallic Chromium. — The word chromium is derived 
from the Greek word meaning colour, on account of the 
wide range in colour of various Balts of chromium. 
Chromium also forms the colouring matter of several 
minerals ; the green colour of the emerald is due to 
chromium. Metallic chromium is not known to occur in 
the native state. According to Roscoe and Schrrlemmer 
metallic chrome forms a light green glistening powder 
which exhibits, under the microscope, aggregations of 
crystals of a tin white colour, with a specific gravity of 
6*8i. The fused metal is usually as hard and tough as 
corundum, melts at a higher temperature than platinum, is 
not magnetic, and, when ignited in the air, is only slowly 
oxidised. Heated in the oxydrogen flame it burns brightly 
with emission of sparks, and when fused with saltpetre or 
potassium chlorate it is converted into potassium chromate. 
Pure chromium was obtained in 1894 by Moissan by re- 
ducing the oxide with carbon in the electric furnace. It 
is most easily prepared in small quantities by the alumino- 
thermic process, which consists of reducing the oxide with 
aluminium powder. Metallic chromium made by this 
process is used to the extent of several hundred tons a 
year in the manufacture of high speed tool steel, as some 
manufacturers prefer to add their chromium this way 
rather than as ferro-chrome. 

Alloys of Chromium.— The principal alloy of chromium 
is ferro-chrome ; the alloy of chromium and iron, 
which contains usually 60 to 70 per cent chromium. It 
is now produced in the electric furnace from high-grade 
ores. Other alloys of more than scientific interest are 
chromium with nickel, cobalt, molybdenum, tungsten, 
manganese, copper, or vanadium, as well as different 
combinations of two or three of these elements. One of 
I these alloys is called “ stellite,” and is composed of 
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cobalt, chromium, tungsten, and molybdenum. It was 
developed by Elwood Haynes, of Kokomo, Indiana. Two 
desirable qualities of this alloy are its resistance to cor* 
rotiion and its ability to take and hold an edge equal to 
that of the best steel. It may be used for tabic knife 
blades, pocket cutlery, surgical instruments, dental in 
struments, small evaporating dishes, spoons, forks, or 
scissors. 

Chromium in Steel . — Chromium is added to steel in the 
form of ferro chrome or as metallic chromium. This 
steel is particularly adapted for making armour piercing 
projectiles, on account of its hardness and also its very 
hign elastic limit. It is al >o used for armour plate for the 
same reasons, for parts of crushing machinery, and for 
very bard steel plate. It is extremely hard, tough, and 
dense, and possesses great tensile strength. It is especially 
adapted to severe service and where resistance to abrasion 
is desired, For the wearing parts ot stamp mills, such 
as battery shoes and dies, cams and tappets, chrome 
steel has proved to be the most durable and economical 
material obtainable. Chrome steel in some respects 
resembles the higher grades of tool steel, but in addition 
possesses properties combined in no other known steel, 
it can be made so hard as to be drill proof against the 
finest tools. These qualities are taken advantage of in 
the manufacture of burglar-proof safer, and jiil bars, 
built up of alternate layers of iron and chrome steel, which 
cannot be cut or* broken. Armour plate contains about 
2 per cent chromium and a certain quantity of nickel. 
Some steels have been made which contain an much as 
20 per cent chromium which have unusual qualities. 

Ores of Chromium. — Although a number of minerals con- 
tain chromium virtually only one -chrome iron ore cr 
chromite— is a commercial source of chromium. How- 
ever, it is of interest to note that the discovery ol the 
element chromium was made by investigation of the 
mineral crocoite (lead chromate). The d*.>covery was 
made by Vanquelin, a French chemist, in 1797. 

Description of Chromite. — Chromite (Danas Mineralogy) 
isometric. Massive, fine granular to compact. Fracture 
uneven. Brittle. Hardness, 5 5. Specific gravity, 4*32 — 
4 57. Lustre, sub-metallic to metallic. Colour, iron-black 
to brownish black, sometimes yellowish red in thm 
sections. Streak brown. Translucent to opaque. Some- 
times feebly magnetic. Composition, FeCr 4 0 4 or 
FeO.CraC^ = cbromium oxide, 68 per cent; iron protoxide, 
32 per cent. Infusible before the blowpipe in oxiJi^ing 
flame ; in the reducing flame it is slightly rounded on 
edges and becomes magnetic. Wiih borax and salt o! 
phosphorus it gives beads which, while hat, show only a 
reaction for iron, but on cooling become chrome green ; 
the green colour is heightened by fusion on charcoal with 
metallic tin. It is not acted on readily by acids, but is 
decomposed by fusion with potassium or sodium bisulphatc. 

Occurrence ot Chromite. — Chromite is a common con- 
stituent of basic intrusive rocks, such as pendotites and 
pyroxenites, and especially of serpentine derived from 
them. All of the commercial bodies of chromite occur in 
these rocks. In place it is always found in association 
with serpentine, which has resulted from the alteration of 
basio rocks consisting of o.ivine, hornblende, and pyre \ me. 
In these the percentage of chromium may vary rrem u 05 
to 0*5. Chrome is by no means an important element m 
the earth's crust. The average given by F. VV. Claikc is 
0*033 P cr cent. Although it occurs usually in basic 
igneous rocks it is sometimes found in titanflerous iron 
ores to the extent of several per cent. It is rarely associated 
with other metallic minerals except possibly magnrtit*' 
and nickel minerals. The common form of occurrence is 
as rounded grains or more often ma^ive granular ma^c\ 
which resemble magnetite and '1 ivr mtum s 1 - <1 con 
fused with it. hut ditUr from it in bring at : most 

feebly magnetic. It is a mo^t re-iMant mineral to 
weathering. For this reason it is ottui found m unton 
solidated materials such as clay, or in stream niaur.il- 
derived from rocks by erosion. In the weathering of 


serpentine the more constant ebromi'e will be concentrated 
on or near the surface and be misleading as to the rich- 
ness of the deposit below. Placer deports of chromite 
are found where the minerals mest resistant to weathering 
have been concentrated in stream channels, and where 
these drain areas of serpentine or basic igneous rocks. 
Along the Pacific Coast there are placers in stream beds 
and beach deposits which cany, besides chiomite, resistant 
minerals such as gold, piatinum, and garnet. The pockety 
nature of chromite deposits makes the mining very uncer- 
tain. Tncre may be one or more ol these pockets or 
lenses scattered through the deposit, but thty do not occur 
with any regulaiity. 

Concentration 0/ Chromite. —The production of a high 
grade chrome concentrate may be made in twowa^s: — 
(1) By hand cobbing, (a) by mechanical concentration. 
Hand sorting is generally practised in mining the ote, by 
means of which a high grade product may be made without 
the losses attendant upon crushing and milling. In 
milling chromite the general practice is to crush in Blake 
crushers and then by stamps. Tne ciushed ere is treated 
by classifiers and fed to tables of the Wilfley type. For 
deposits such as beach sands, which contain, besides 
chromite, many minerals with different degrees of magnetic 
permeability, magnetic treatment is a practical solution of 
the concentration problem. In general it may be raid 
that a concentrate containing 45 per cent of chromic oxide 
is sought, as material of this grade finds a ready market 
at satisfactory prices. In Canada ore containing as little 
as 10 per cent chromic oxide has been successfully 
treated. 

Recognition of Chromite Character islic features of 
chromite by which it may be recognised are : — Lustre — 
vitreous, splendent to metallic or sub metallic. Streak — 
dark brown. Infusible btfote the blowpipe but may fuse 
slightly in the reducing flame and then becomes magnetic. 
Usually associated with serpentine. Each grain shows a 
very smooth conchoidal fracture with high lu-tre. Bead 
tests as described under 4 * Ores of Chromium.'’ 

Buyers 0 / Chromite. — Consumers of chromite are mauu- 
facturers of chrome alloys and refractories. Upon applica- 
tion names of purchasers will be furnishtd. 

Price of Chromite. — The following is a schedule of prices 
paid by one company purchasing chromite. This is dated 
May 15, 19th; — Wc ate now paying 1.25 dols. a unit 
CfiO; (chromic oxide) for ores containing chromic c\idt, 
35 per cent minimum ; iron protoxide, 15 per cent maxi- 
mum ; phosphorus. <j* 10 per cent maximum; sulphur, 050 
per cent maximum. No attention is paid to the amount ol 
Mlica or alumina in the ore. although formerly wo would 
not take material containing more than 10 per cent s l:ca.” 
Weights are based on the ton of 2000 pounds. A unit is 
1 per cent cf this, or 20 pound>. Naturally puces and 
specifications d iter greatly according to the purpose fer 
which the purchaser wishes to use the ore. Thtre are 
really no hard and fast requirement* and no general price 
can be quoted as the market is liable to change at any 
time. However, lor the past si\ i/onths the jr.ee has 
been, in general, more then a dollar a unit. In the 
Engineering and Mining Journal of Junt 8, 1918, is a 
schedule of pricts for chiomite ores. The puce varies 
fnrn 0.85 dol. a unit for 30 per cent material to 1.50 dols. 
a unit for j8 per cent material. 

Marketing Chromite. -It should be remembeied, in 
marketing chromite, that it is generally sold f.o.b. cars 
point of shipment, unless otherwise stated. When a ton 
is spoken of usually a ton of 20, o f ounds is meant. Some 
companies will not buy ore containing mere than a cer- 
tain amount of imruritu «- ^uch as <uirhur and phu-pherus : 
othfr-v will, hut pav a lower price for them according to 
the tot.il .m ount of tfu c inq mim s. 

i\ t n r, Vi , 5 - M . i . \\ ,nL worth, 44 Lilh do- ,cn! i'.ud.r*..” 
K- S. larr, 41 l.cononn ( 1 -< i.*gy of t lie United M.itei ” 
J. F. Ivuip. “(he Depo-rts of the Undid States” 
Bradley Stoughton, “The Metallurgy of Iron and Steel ” 
Henri Moissan, “ The Electric Furnace (Lenhcr). J. D. 
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Dana, “ Mineralogy.” * Roscoe and Schorlemmer, < 
“Treatise on Chemistry.” U.S. Bureau of Mines, Bull . ] 
No. 77, “ The Electric Furnace in Metallurgical Work,” 
by Dorsey M. Lyon, Robert M. Keeney, and Joseph F. 
Cullen. Canada, Department of Mines, Mines Branch, 
Bull . 29, “ Report on the Chrome Iron Ore Deposits in the 
Eastern Townships, Qaebec,” by Fritz Cirkel. U.S. 
Geological Survey, Seventeenth Annual Report, Pait 3, 
p. 261, article by William Glenn. Trans. Am. Inst. 
Min . Eng., xxv. 481, “Chrome in the Southern 
Appalachians,” by William Glenn. Mineral Foote- 
Notes, “Chromium, its Occurrence and Mining,” by 
Heinrich Ries, excerpt in Eng. and Min. Journ ., Dec. 8, 
1917. Eng. and Min. Journ. , April 6, 1918, “Chrome 
Production and Distribution,” Samuel H. Dolbear. Eng. 
and Min. Journ., March 2, 1918, “Chrome Ore Specifica- 
tions and Producers of Chromite in California.” Eng. 
and Min. Journ., June 1, 1918, “Stellite,” by Elwood 
Hayes. Prelininary Report No. 3, “Manganese and 
Chrome,” California State Mining Bureau, San Francisco, 
Cal. Mining and Scientific Press, March 6, 1916 ; April, 
21, 1917. 

To those who desire it the school will, on request, send 
samples of chromite. Prospectors and others who wish 
to determine whether they have chromite may send 
samples to the school which will be tested free of charge. 
Samples should contain name and address of the sender, 
and be addressed — Director, Experimental Ore Dressing 
and Metallurgical Plant, Colorado School of Mines, 
Golden, Colorado. 

THE MANUFACTURE OF LIQUID AMMONIA.* 

By W. GREAVES. 

pRtOR to the war the very large majority of firms manu- 
facturing ammonia converted it into sulphate of ammonia, 
and those who did not, and who converted it into what 
was then called concentrated ammonia liquor, were satis- 
fied if they obtained a liquor containing on an average 
some x6 to 18 per cent of NH 3 . The firms making any- 
thing of a higher strength could be counted on the fingers 
of one hand, and they kept their methods of manufacture 
very much to themselves. So when a sudden call was 
made for a solution of ammonia which bad to contain not 
less than 25 per cent NH 3 and not more than 0*5 per cent 
H 2 S at that strength, owing to our lack of knowledge in 
the manufacture of such a substance, some rather elaborate 
and expensive plants were recommended, which were any- 
thing but efficient, and many of them had to undergo a 
good deal of alteration before anything like the ammonia 
returns which were got in the manufacture of sulphate 
of ammonia were obtained. 

In reality, the apparatus for the manufacture of 25 per 
cent ammonia liquor is exceedingly simple. All that is re- 
quired is an ammonia still and its accompanying lime 
still, of such a size that the former is able to deal with 
the various ammonia waters sent to it without being 
overloaded, and the latter to be large enough to 
allow the partially desulphurised liquor to remain in it 
long enough for the lime to combine with more than 
sufficient of the sulphuretted hydrogen to bring it below 
o' 5 per cent in the 25 per cent ammonia liquor, and also 
with as much of the carbon dioxide and cyanides as pos- 
sible. The only other apparatus necessary is some form 
of still to expel as much of the sulphuretted hydrogen as 
the quantity of ammonia which must be sent to the am- 
monia still will allow, together with a means of condensing 
the excess of steam contained in the ammonia vapours in 
such quantity that, on finally cooling, the resulting 
liquid wil contain not less than 25 per cent NH 3 . 

* '* Improvements in Apparatus for the Manufacture of Con- 
centrated Ammonia Liquor.” A paper read before the Midland 
Section of the Coke Oven Managers' Association. From Chemical 

ngineeriHft and the Works Chemist, viii., No. 84. 


It will thus be seen that the really necessary apparatusfor 
the manufacture of high strength concentrated ammonia 
liquor consists of few units of simple design. But there 
are pitfalls in both the design and working of such a plant, 
which, if not foreseen, will lead to endless trouble and 
waste of ammonia, and both can be best pointed out by 
describing an installation for which I acted as consulting 
engineer. The works at which the plant was to be in- 
stalled were making sulphate of ammonia, and in order to 
save both time and expense 1 desired to use as much of the 
existing apparatus as possible. There were three am- 
monia stills already installed, and it was decided to make 
use of these as follows Two of the adjoining stills were 
used as desulphuiisers (one being a spare), and the other 
was employed as a means of getting rid of some of the 
water contained in the ammonia vapour, and can be called 
an ammonia concentrator. There happened to be also on 
the site a cooling coil and tank, as well as a large storage 
tank. This necessitated the providing of an ammonia 
still, lime still, and two reflux coolers, together with the 
pumps and connecting piping. The method of working is 
as follows : — 

The incoming gas liquor first passes through one of the 
reflux condensers, where it helps to cool the ammonia 
vapours from the still, and at the same time is itself 
warmed up to about 71° 0. It then passes on to one of 
the old ammonia stills, where it meets a little live steam 
on its way down the still. In this vessel the gas liquor is 
subjected to partial distillatisn ; the aim being to drive 
off the largest amount of sulphuretted hydrogen and 
carbon dioxide with the least amount of ammonia. In 
this case the gas liquor enters the still at a temperature of 
about 71° C., and contains 075 per cent NH 3 and 0*23 

f >er cent H 2 3. The partly desulphurised ammonia liquor 
eaving the bottom of this still on its way to the ammonia 
still contains 0-69 per cent NH 3 and 0*15 per cent H 2 S. 
Thus 92 per cent of the ammonia and 65 per cent of the 
H 2 S are being passed on to the ammonia still to be dis- 
tilled and concentrated. 

It may be thought that 63 per cent of the sulphuretted 
hydrogen is a large quantity to pass on to the ammonia 
still. It can, of course, be reduced, but it will be at the 
expense of returning much more of the ammonia along 
with the waste gases either to a special scrubber, or, if the 
concentrating plant is connected to a by-product plant, it 
will put extra work on the ammonia scrubbers. So long 
as the lime still and the ammonia still are able to extract 
the sulphuretted hydrogen the more of the latter is passed 
on the better, as this results in less ammonia being re- 
turned with the waste gases. As the quantity of ammonia 
passing from the desulphuriser to the ammonia still is 
limited by the amoant of sulphuretted hydrogen which can 
be extraced in the lime still— and I think I am correct in 
saying that the figure is generally less than the o 69 per 
cent I have mentioned— it follows that it is a mistake to 
work with strong gas liquor when making concentrated 
ammonia liquor. This was where many people made 
trouble. At the plant referred to they had added a little 
more water to the scrubbers till they got their ammonia 
down. It took about four hours to do it. Now they 
worked at 07 they could turn out a very good liquor. 

The waste gases escapieg from the top of the desul- 
phuriser consist of sulphuretted hydrogen, hydrocyanic 
and carbonic acids, together with the ammonia compounds 
of these acids. If the tube which conveys these gases is 
of any great length, and is cool, it will be found that the 
ammonium carbonate gradually encrusts on the inside of 
the tube and finally blocks it up. This can be easily 
overcome by installing a small steam jet, which will allow 
the carbonate of ammonia to pass away in solution. 

The partly desulphurised liquor from the desulphuriser 
now passes on to the lime still, where the excess of lime 
combines with the acids already mentioned. I have found 
it to be an advantage to allow the entry from the lime 
still into the ammonia still to be made higher than is 
usually the case when sulphate of ammonia is being 
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manufactured, as this gives more time for the lime to 
aet upon the ammonium carbonate. It is also necessary 
to use more lime than is required when sulphate of 
ammonia is being made, to counteract the hydrolysis of 
the calcium sulphide. 

The ammonia and steam from the ammonia still are 
conveyed to a reflux cooler in order to extract some of the 
water-vapours. The cooling medium lor this cooler can 
be the incoming gas liquor, which will absorb some of the 
heat, and thus will be in a condition to begin parting with 
some of its impurities as soon as it arrives in the desul- 
phurises. After this partial cooling the vapours pass to 
the final reflux cooler, in which they are cooled, so that 
when they pass on to the final condenser the resulting 
liquid will contain at least 25 per cent of ammonia. 

With an ammonia concentrating plant as above described 
the following average results are being regularly 
obtained :— 

Per cent. Per cent. 

Gas liquor 075 NH 3 0*23 H a S 

Desulphurised liquor .. 069NH3 0*23 H a S 

Concentrated liquor . . 28 NH 3 to 30 NH 3 0*20 H a S 

Waste water from still . . 0*006 NH 3 

The temperature at the control points of the apparatus 
are : — 

Gas liquor going to the first reflux con- 
denser 50° F. or 15 0 C. 

Gas liquor entering desulpburiser . . 160° F. or 71° C. 

Vapours leaving top of desulpburiser. . 170° F. or 77° C. 


PK0CEED1NGS OF SOCIETIES- 

ROYAL SOCIETY. 

Preliminary Report of Inter-Allied Conference on 
International Scientific Organisations. 

Htld at the Royal Society on October 9 — n, 1918. 

Representation . 

The following countries were represented 
Belgium.— Maj. Lecointe, Prof. Maesatt, M. de la 
Vallee Poussin. 

Brasil.— M. C. M. D., de Carvalho. 

France.— M. B. Baillaud, M. G. Bigourdan, M. A. 
Haller, M. Lacroix, M. Cb. Lallemand, M. Mooreu, 
M. Emile Picard. 

Italy.— Prof. V. Voltena. 

Japao.— Prof. J. Sakurai, Prof. A. Tanakadate. 
Portugal.— Prof. Braamcamp Freire. 

Serbia. — Prof. B. Popovitch. 

United States.— Dr. H. A. Bumstead, Col. |. J. Carty, 
Dr. W. J. Durand, Dr. S. Flexner, Prof. G. Hale, 
Dr. A. A. Noyes. 

United Kingdom.— Sir J. J. Thomson (Pres. R.S.), Sir 
Alfred Kempe, Prof. A. Schuster, Mr. W. B. 
Hardy, Prof. W. A. Herdman, Sir F. Dyson, Mr. 
J. H. Jeans, Lieut. -Col. II. G. Lyons, Prof. J. A. 
McClelland (Royal Irish Academy), Sir E. Sharpey 
Schafer (Royal Society of Edinburgh), Prof. C. S. 
Sherrington, Sir W. Tilden. 

The delegate nominated by the Government of Portugal 
did not arrive in England in time to take part in the 
Conference. 

Declaration . 

The following declaration serving as introduction to the 
resolutions was adopted unanimously 
When more than four years ago the outbreak of war 
divided Europe into hostile camps, men of science were 
still able to hope that the conclusion of peace would join 
at once the broken threads, and that the present enemies 


might then once more be able to meet in friendly con- 
ference, uniting their efforts to advance the interests of 
science; for ever since the revival of learning in the 
Middle Ages the prosecution of knowledge has formed a 
bond strong enough to resist the strain of national 
antagonism. And this bond was strengthened during the 
latter part of last century, when branches of science 
developed requiring for their study the co-operation of all 
the civilised nations of the world. International Associa- 
tions and Conferences rapidly multiplied, and the friendly 
intercourse between the learned representatives of different 
countries grew more intimate, in spite of their political 
differences, which were admitted, but not insisted upon. 

In former times war frequently interrupted the co- 
operation of individuals without destroying the mutual 
esteem based on the recognition of intellectual achieve- 
ments ; peace then soon effaced the scars of a strife that 
was ended. If to-day the representatives of the Scientific 
Academies of the Allied Nations are forced to declare 
that they will not be able to resume personal relations in 
scientific matters with their enemies until the Central 
Powers can be re-admitted into the concert of civilised 
nations, they do so with a full sense of responsibility, and 
they feel bound to record the reasons which have lea them 
to this decision. 

Civilisation has imposed restrictions on the conduct of 
nations which are intended to serve the interests of 
humanity, and to maintain a high staodard of honour, 
such as the recognition of the sanctity of treaties — 
especially those designed to apply to a state of wav — and 
the avoidance of unnecessary cruelties inflicted on civilians. 
In both these respects the Central Powers have broken the 
ordinances of civilisation, disregarding all conventions, 
and unbridling the worst passions which the ferocity of 
war engenders. War is necessarily full of cruelties ; in- 
dividual acts of barbarity cannot be avoided and have to 
be borne. It is not of these we speak, but of the organised 
horrors encouraged and initiated from above with the sole 
object of terrorising unoffending communities. The 
wanton destruction of property, the murders and outrages 
on land and sea, the sinking of hospital tbips, the insults 
and tortures inflicted on prisoners of war, have left a stain 
on the history of the guilty nations which cannot be re- 
moved by mere compensation of the material damage 
inflicted. In order to restore the confidence without 
which no scientific intercourse can be fruitful, the Central 
Powers most renounce the political methods which have 
led to the atrocities that have shocked the civilised world. 

Resolutions . 

The following resolutions were passed : — 

1. That it is desirable that the nations at war with the 
Central Powers withdraw from the existing Conventions 
relating to International Scientific Associations in ac- 
cordance with the statutes or regulations of such con- 
ventions respectively, as soon as circumstances permit ; 
and — 

That new associations deemed to be useful to the 
progress of science and its applications be established 
without delay by the nations at war with the Central 
Powers with the eveotual co-operation of neutral nations. 

2. That certain associations, such as the Metric Con- 
vention, depending on diplomatic agreements, be taken 
into consideration during the peace negotiations. 

3. It is not intended that these measures be applied to 
agreements relating to indispensable administrative rela- 
tions between public services, such as those regulating 
navigation, meteorological telegrams, railways, tele- 
graphs, Ac. 

4. A Committee of Enquiry be constituted by the Con- 
ference, the Academies of the countries at wsr with the 
Central Powers having power to add further members. 
This Committee shall prepare a general scheme of inter- 
national organisations to meet the ftqiirements of the 
various branches of scientific and industrial research 
including those relating to national defence. (The Corn- 
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mittee, with Prof. Schuster as Acting President, will meet 
in Paris during the second fortnight in November). 

5. Each of the Academies represented at the Conference 
shall be invited to initiate the formation of a National 
Council for the promotion of the researches specified in 
Resolution 4. 

6. An International Council, having as nucleus the 
Committee specified in Resolution 4, shall be formed by 
the federation ot the National Councils. 

7. The Conference being ot opinion that all industrial, 
agricultural, ar.d medical progress depends on pure science, 
draws attention of the various Governments to the im- 
portance of theoretical and disinterested researches, which 
after the restoration of peace should be supported by large 
endowments. The Conference urges similarly the creation 
of Urge laboratories for experimental science, both private 
and national. 

Resolved further : — 

8. That the resolutions of the Conference 1 to 7 be 
communicated by the Academies to their respective 
Governments. 

9. That the Academies be requested to inform other 
learned Societies in their respective countries of the re- 
solutions adopted by the Conference. 

10. That the Royal Society be requested to inform — so 
far as possible — the Bureaux of the international Associa- 
tions of the resolutions adopted by the Conference with 
the request that they should take action in conformity 
with them. 

Proposals. 

The following proposals were submitted by M. J. 
Massart, Professor of Botany at the University of 
Brussels : — 

1. To extend the system of international exchanges : — 

(<r) To effect a gratuitous interchange of publications, 

having no commercial object (books, separate 
copies of papers, periodicals, &c.) between authors, 
societies, universities, museums, libraiies, tS:c. 

( b ) To allow all scientific establishments in the Allied 
countries to borrow books from all public libraries, 
and to provide for gratuitous postal transmission. 

2. To unify the courses of study at the universities so 
as to render possible : — 

(a) The exchange of students who might then pursue 
their studies partly in one and partly in another 
country. 

(b) The exchange of Professors ; one might also con- 

template the exchange of scientific men who do not 
belong to the teaching profession, such as as- 
tronomical observers, librarians, curators of 
museums, &c. 

3. To organise the publication of bibliographical works 
in all branches of science so as to render the Allied 
countries independent of such works as “ Central Blatt,” 
“ Jahresbericht.” The Government should support such 
enterprises by subscribing to them. 

During the discussion of these pioposals certain sug 
gestions were made by Prof. Vclierra and Mr. Hardy. 

Resolution. 

Resolved -That the proposals formulated by Prof. 
Massart, with the suggestions of Messrs. Volterra 
and Hardy, be referred to the Committee con- 
templated under Resolution 4, recommending them 
to their careful consideration. 

Resolution. 

M. BlGOi’RDAN submitted the following resolution : — 

That it is desirable to establish a uniform biblio- 
graphical notation relating to the whole extent of our 
knowledge in Pure and Applied Science, Philosophy, 
Literature, &c. 

Resolved - That M.* Bigourdan’s proposals be referred 
to the Committee constituted under Resolution 4, 
recommending them to their careful consideration. 
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Royal Society Resolutions. 

The resolution of the Special General Meeting of the 
Royal Society held on September 26, namely, “ That it is 
desirable for the Allied nations to establish organisations 
for scientific co operation, ” was adopted by the Con- 
ference. It is covered by Resolution 1, and is therefore 
not repeated separately. 

The resolution of the Royal Society with reference to 
the expulsion ol enemy foreign members was submitted to 
the Conference in accordance with the resolution of the 
Special General Meeting held on July 31. The subject 
was discussed by the Conference, but as the tense of the 
meeting seemed to be that the declaration introducing the 
resolutions passed by the Conference defined sufficiently 
the attitude of the Allied Academies towards the men of 
science of the Central Powers, no further action was 
taken. 


CORRESPONDENCE. 

ELEMENTS IN THE ORDER OF THEIR 
ATOMIC WEIGHTS. 

To the Editor of the Chemical Netos. 

Sir, — Referring to Mr. Szynianowitz’s letter in the 
Chemical News (1918, cxvii., 339), if he will consult the 
following literature he will see that the scheme given is 
not altogether new, at least not in principle, as the type 
of regularity shown has been often noticed and expressed 
mathematically in various ways : — 

Comstock on the Rydeerg scheme, Jotirn. Am. Chem . 

Soc., 1908, xxx., 683. 

Sir J. J. Thomson, Harper's Monthly Magazine, 1914, 

574 ; “ Atomic Theory ” (Clarendon Press, Oxford), 

1914. 14- 

The w. rk of Moseley ( Phil Mag., Dec. 1913, 1024, 
and April, 1914, 703) confirms the view now generally 
htld that practically all the elements are discovered. The 
gaps and irregularities, which all the tables ol the kind in 
question (see citations above) show, must be accounted for 
by some extended scheme, such as one involving isotopes 
(see Soddy, “Chemistry of the Radio Elements,” Part II., 
1914, Longmans, Green, and Co., and Chemical News, 
1913, cviii., 16S), it they are to be regarded as of signi- 
ficance (see also Chemical News. 1914, cix., 143). From 
this point of view the matter is of interest in my opinion. 
— I am, &c., 

F. H. L. 


DEFINITION OF VALENCY. 

To the Editor of the Chemical News. 

Sir, There is one point which may be misleading in my 
article in the Chemical News (1918, cxvii., 319). Re- 
ferring to Quotation 5 on p. 3214 the citation was intended 
to show an effort in a direction which up to the present 
has not met with success owing to there being too many 
exceptions to the rule (2) proposed. 

On the same page, Qjot. 3. nitric acid should read nitric 
oxide. — I am, &c., 

F. H. L. 


Biochemical Society. — The next meeting will be the 
Joint Meeting with the Physiological Society, and will be 
held on .Saturday, November 9, at 3 p.m., in the Physio- 
logical Department of the Medical College, London 
Hospital, London, E. The subject — 41 Validity of the 
Isodynamic Law of Nutrition, or interavailability of Fat 
and Carbohydrate” has been arranged for discussion. 
The discussion will be opened by Prof. Cathcart and 
Prof. Hopkins. 


Definition 0/ Valency. 
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Synthetic Rubber. -The best test^ for thL, that it 
cuts like leather, can be confirmed by dissolving in coal 
tar naphtha ; the appearance in solution cutters from that 
ol the natural product. — J. C. Thomlinson, B.Sc. 

Spectroscopy and Dissociation. - In the ordinary 
wind turnace, ufing oxygen and coal-gas with a tempeta- 
ture 1 Soo — 2oo.) , the application ot a consideration ot the 
spectra involved causes the observation that, whereas 
potaBsiurn and alumina give their spectra at this tempera- 
ture, there is very little evidence ot dissociation of silica 
as evidenced from the llamc at the orifice. The sibcon 
spectrum which can be obtained at the opening between 
the lid and body of the futnace is not one ot dissociation, 
and evidence that the aftinby of potassium and aluminium 
for oxygen and the corresponding dis>ociatun is very 
different trom the nature ol combination in silica which 
arparently, not showing great atti nty of its elements, is 
very difficult to dissociate.— J. C. Thomlinson, B.Sc. 

Leather Preparation. —Some weeks ago there was 
some discussion as to the energy relations ot sugar solu- 
tions. As the subject of solution has concurred with 
some experiments on the lasting j roprriie* of leather, I 
would point out that neaily fifty years that nt.iy be 
taken as some standard*of duration, is a bruit to tic 
tann ne of leather used for bookbinding at that time. As 
permanence is a desideratum, briefly alluding to these 
experiments that refer to sugar solution as confirming a 
mechanical theory of solution in which the heat of solution 
follows an atomic equivalence with fair approximation to 
scientific accuracy, 1 would mention that a leather pre- 
servative which at the same time can be an effective 
finishing to Lather may be found in the laity acids of 
linseed oil, and that in tanning processes we are dealing 
with complicated processes of solution, in which ;n ur 
present state of knowledge the heat relations of me said 
processes tend to be too complicated for effective i technical 
control in procuring the desired result.— J- U. Ihomi in- 
son, B.Sc. 

New British and Key Industries Exhibition.- IIis 
Excellency M. Micbalacopoulos, Head of the Greek Com- 
mercial Mission at present touring the United kiugdom, 
paid a visit on Octob' r 24 to the New Butish and key 
Industries Exhibition organised by the Industrial Action 
of the Tariff Reform League. They were met on arrival 
by Sir Robert Hadfield and Mr. Edward L Duveen. and 
were shown round the Exhibition by Mr. Duveen and Mi. 
Ben Dent. The members of the Mission t\mctd great 
interest in what they saw, and expressed their high 
appreciation of the development of new industries m this 
country. 

Separation of Holmium In the August number of 
the faunal of the American Chemical boiu!y Mtws. 
I E 1 uteina and B. S. Ilo|kms describe new methods 
of separating holmium, which «s difficult to purify owing 
to its dose resemblance to dysprosium on the one hand 
and yttrium on the other. By means cf four ser.es of 
fractional hydrolysis of the phtbaiatts the holmium content 
of a holmium yttrium mixture was increased from 12 to 
2-1 ner cent. One scries of fractional precipitation with 
sodium nitrite increased the holmium content 250 per cent 
in material poor in holmium. The second method is the 
better because the chemicals employed ^^hcaper, it is 
easier of operation, and because an ox.de of h.ghe 
holmium content was obtained by one series of f.*ct.ona 
Precipitation with sodium nitrite than was obtained from 
material of the same atomic weight by one series ol 
fractional hydrolysis of the phthalates. 

Potash Production in Great Britain. - It is well 
known that before the war the greater part of thr imports 
of potash into Great Britain came from Germany, rtiintd 
salts also having been imported from brance, Belgium. 


and the Netherlands, carbonate Ironi Russia, iodide hem 
Japan, saltpetre from India, iCC. ine polish mines at 
S - *• s ! u 1 1 arc haid to be capatlt: ol supplying the whole 
wot Id. (ire at Britain needs potath dirtily loc manunal 
purport it being an essential fertiliser lor flax, potatoes, 
and leguminous crops ; also tor the manufacture ot optical 
glass, lor medicinal purposes, and for the newly established 
dye industry. In a paper read recently at Bristol Mr. 
Kenneth M. Chance, a Director ol the British Cyanides 
Co., Ltd., dtsciibtd a new and hopeful source ot potash 
which he believed should prove sufficient to supply the 
needs cf the counti), namely, blast-furnace gases and 
dust. It has been found that the percentage of potash 
can be increased either by raising the temperature of the 
furnace or by adding a small quantity ol common salt to 
the charge, and by the latter means ihc quantity of | otash 
volatilised as chloride can be increased nfcatiy sevenfold. 
A lactoiy tor dealing with blast furnace dust has already 
been set up at Oldbury, near Birmingham, and others in 
the neighb urhoed of bLst- furnaces arc in contemplation, 
and the supplies of potaih in the country are steadily 
increasing, the time of greatrst Htortage being certainly 
past. 

British Industries Fair, 1919.— For next year's British 
Industries Fair the Board of Trade have again been able 
to secure from the Boit of London Authority the great 
warehouses tn Bennington Street which proved so highly 
s3tirfactory for the Fait htld at the beginning ol this year. 
The Fair wnl be open as usual on the last Monday in 
February (February 2}), and will remain open until Friday, 
March 7. In order in no way to interfere with the pro- 
duction of munitions the Fair wttl again be restricted to 
the same trades which have participated in the last three 
Fairs, namely Glass and Pottery ; Paper, Printing, and 
Stationery; Fancy Goods; Toys. As in past years the 
invitations to v.sitois to the Fair will be issued by the 
Board of Trade, and admittance will be restricted to bona 
flie buyeis interested in the above tradts. Over aoco 
forms of application for rpace have alteady been issued to 
marufactuiers in the trades concerned, and it is expected 
that the number of firms anxious to participate will be 
considerably in advance of last year, when orders to the 
value of over a million and a half were placed. Eligible 
manufactutei s who havr not received application forms 
should, if they wmh to participate, communicate at once 
with the Director, British Industries Fair, Board of Trade, 
10, Basinghaii Street, London, E C. 2. 

The Investigation of Pulverised Coal Systems in 
America.— Mr. Leonard C. Harvey, of Red House, 
Malden, Surrey, has returned from the United States after 
having carried out ler the Director of Fuel Research a ful| 
investigation into the progress made in recent years in 
the at plication of pulverised coal for metal’ur&tcal and 
general industrial purposes, for steam rais-ing in land ami 
mat me b( beta and in locomotives on railway. The 
purpose cf the Director of Fuc \ Research in accepting 
Mr. Harve>’» otter to make thi< investigation was that the 
most icCtin it formatu n on thcsuljeciof pulverised fuel 
shculd be available to all who are interested in the more 
scttni.nc u&c of luel. In order that effect may be given 
to thi> intention the information and data collected by Mr. 
Harvey, together with descriptions ol numerous installa- 
tions inspected and statements astothe actual expenr nee of 
the owners of these iiistallslions, are now been collated in 
the form of a report. This report will be issued as a 
Government publication by the Department of Scientific 
and Indnsti ial Research at an early date. Important 
developments have taken place in America in the utilisa- 
tion in pulverised form of low grade coals of high ash 
conttnts, and it L hoped that similar developments* w.ll 
follow the adoption of the s>sttm in this country. It is 
possible that in this way considerable quantities of material 
w n cb is at preaent regarded as waste at the coal mines 
may ultimately be made available as fuel, and thus sup- 
plement the restricted supplies of coal. 
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NOTES AND QUERIES. 

Onr Notasand Querlascolumn vu opened (or the purpose of giving 
and obtaining Information l'kely to be of us& to our readers generally. 
We cannot undertake to let this column be the means of transmitting 
merely private information, or such trade notices as should legitimately 
come in the advertisement columns. 

Dutch Metal. — Will any reader kindly inform me as to the chemi- 
cal constitution of this material.— D. P. 

Wanted, GAS ANALYSIS APPARATUS 

* * In good working condition with sampling outfit.— State prise 
and full particulars to Redboum Hill Iron and Coal Co., Ltd., 
Frodlogham, Scunthorpe, Lines. 

Wanted, BECKMAN THERMOMETER. 

v * Please send particulars to “ Thermometer,” Chemical News 
Office, 16, Newcastle Street, Farringdon Street, London, E.C. 4. 

\A^anted, POLARIMETER. Anyone wishing 

to dispose of one please send particulars of the instrument to 
“Polarimeter," Chemical News Office, 16, Newcastle Street, Far- 
ringdon Street, London, E.C. 4. 

'J'O comply with Regulation 8 (6) of the Defence ot the Realm 
Act, advertisements from firms whose business consists 
wholly or mainly in Engineering, Shipbuilding, or the production 
of Munitions of War, or of substances required for the production 
thereof, must include the words M No person resident more than 
ten miles away or already engaged on Government work will be 
engaged. 

UNIVERSITY COLLEGE, NOTTINGHAM. 

DEPARTMENT OF CHEMISTRY. 

Head of the Department— Prof. F. S. KIPPING, Ph.D., D.Sc.. 
F.I.C., F.R.S. 

T ECTURER AND DEMONSTRATOR IN 

CHEMISTRY required to commence duties January, iqio. 
Commencing salary £250 per annum. 

Forms of application may be obtained from the Registrar, to 
whom they must be returned not later than November 22nd. 

Assistant Chemist required by large Engin- 

** eering Works. Knowledge of Gas, Fuel, and Water Analysis 
essential. Apply, stating age, training, and salary required, to your 
nearest Employment Exchange, quoting No A 6117. No one at pre 
sent engaged on Government work need apply. 

Ohemist, B.Sc., London (Hons, in Chemistry, 

^ seeks Research appointment with large manufacturing firm.— 
Address, G. L , Chemical Nkws Office 16, Newcastle Street, Far- 
ringdon Street, London. E.C. 4. 

CITY and COUNTY BOROUGH of BELFAST. 

'T'he Library and Technical Instruction Com- 

TRY at the MUNICIPAL TECHNICAL INSTITUTE, BELFAST 
Salary £200 per annum with bonus of £40 per annum. 

Particulars of the Duties and Conditions of Appointment, together 
with Form of Application, may be obtained from the undersigned 
with whom applications on the Special Form provided for the purpose 
must be lodged not later than noon on Tuesday, November 19, 1918. 

Applications should be accompanied by copies of three recent 
Testimonials (original Testimonials must not be sent). 

CANVASSING IS STRICTLY FORBIDDEN AND WILL 
DISQUALIFY. 

*AS. C. FORTH, Principal. 
Municipal Technical Institute, Belfast. 

T'hemist required at Factory near London. 

^ Works experience necessary. £280 with increase to £320 after 
three months.— Address, stating qualifications, to Box 729, Willings, 
125, Strand, London, W.C. 2. 

pHEMICAL. ASSISTANT.— Well qualified 

Junior wanted in the Laboratory of a Manufacturing business in 
Limehouse. State salary and give references.— Address, “ Limehouse," 
Chemical News Office, 16, Newcastle Street, Farringdon Stieet, 
London, E.C. 4. 

TNDIA. — Chemical Engineer wanted with 

J- B.Sc. or equivalent degree ; unmarried, ineligible, or discharged. 
—Address, D. W.. Chemical News Office, 16, Newcastle Street, 
Farringdon Street, London, E.C. 4. 

COMPETITIVE ESSAYS on “ EXPLOSIVES.” 

T ady Assistant Chemist required (for Analytical 

and Research Work) by a Controlled Firm in the Midlands, 
Must have had a sound training in Theoretical and Practical Inorganic 
Chemistry. Good salary offered to suitable applicant. State, age. 
qualifications, and experience. — Address, L. S., Chemical News 
Office, 16, Newcastle Street, Farringdon Street, London, E.C. 4. 

'T'he DORSET FIELD CLUB announce that 

CECIL MEDAL and PRIZE of £10 will be awarded in 
May, igig, for the best paper on “ Explosives used in Warfare from 
the time of the Crusades to the present War, giving details (unobjec- 
tionable from a military point of view) of each invention, and the 
chemical proportions of the substances used in each case, commencing 
with gunpowder and Greek fire." Open to any person between the 
ages of 17 and 35 on May 1, 1919, either born in Dorset or resident not 
less than one year between May 1, 1917, and May 1, 19 9. 

Particulars from Mr. H. Pouncy, Midland Bank Chambers 
Dorchester. 

Oesearch Chemist wanted. Knowledge of 

Organic Chemistry and experience in General Metallurgical 
Analysis essential. No one at present engaged on Government work 
need apply.— Apply, stating age, experience, and salary required, to 
your nearest Employment Exchange, quoting No. A 6131. 

BATTERSEA POLYTECHNIC 

Battersea Park Road, S.W. 11. 

Principal— F. H. NEWMAN, M.A., Ph.D. 

Head of Chemical Department— J. WILSON, M.Sc., F.I.C. 
Chemical Engimering-H. GRIFFITHS, B.Sc., A.R C.S. 

A Course of Twenty-five LECTURES and 

LABORATORY CLASSES will be held om Monday evenings, 
commencing Monday. November 18. Fee 15s. Additional Practical 
Work on other evenings (except Thursday) if desired, Fee 10s. 
Lectures, 7 to 8 ; Laboratory, 8 to 9.30. 

The Lectures will deal with the principles involved in the DESIGN. 
ERECTION, and WORKING of MODERN CHEMICAL PLANT, 
and the economic aspect of Chemical Manufacture, 

The Practical Work will deal with the Testing of Materials, the 
Determination of Chemical Engineering data, dec. 

For further details apply to the Secretary. 

Desearch Chemists wanted, with good know- 

ledge of Physical and Electro chemistry. Salary, £200 to £350 
according to qualifications and experience.— Apply to the Salt Union, 
Ltd., Weston Point, Runcorn. 

\K7anted, Assistant Chemist with experience 

* v in the analysis of Iron, Steel, and Non-ferrous Alloys, for 
large Works in the North of England. NO one at present engaged on 
Government work need apply.— Write, stating age, experience, and 
wages required to nearest Employment Exchange, quoting No. 

A 6182. 

\A7orks Analytical Chemist required. One 

v V conversant with Soap Manufacture, Nicotine Extractions, and 
Agricultural and Horticultural Preparations. State full particulars 
and salary required.— Address, W. A., Chemical News Office, 16, 
Newcastle Street, Farringdon Street, London, E.C. 4. 

\A7anted, good Analytical Balance, also Re- 

* * fractometer, Polarimeter, Viscometer, and Flash Point ap- 
paratus.— Address, "Apparatus," Chemical News Office, 16, New- 
castle Street, Farringdon Street, London, E.C. 4. 

ORDER THE PAPER. 

In consequence of the “ No Returns Order ” of the 
Government, readers of the u Chemical News” are 
requested to ensure a regular supply of the paper by 
placing an order with their Newsagent. 
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\A7anted, CALORIMETER for Fuels - 

* V Mahler Bomb, Rosenhain, or other standard pattern. State 
full particulars and price.— Address, "Calorimeter," Chemical News 
Office, |6, Newcastle Street, Farringdon Street, London, E.C. 4. 
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SPECIAL NOTICE TO SUBSCRIBERS. 


The recent paper restrictions have compelled us 
to publish only fortnightly instead of weekly for a 
time, but we are now glad to be able to announce 
that we are to be allowed a further supply of paper, 
which will enable us to revert to weekly publication 
in the near future. 

Begtaning with No. 8061, to be published on January 
3, 1010, the Chemical News will again appear weekly, 

and the dates of expiration of subscriptions will be 
adjusted accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their subscription 
periods. The price will remain unaltered, viz., £i 
for fifty-two numbers, or pro rata . 


ON NUCLEIC ACID AND ITS ANALYTICAL 
EXAMINATION. 

By A. CHASTON CHAPMAN 7 , FI.C. 

Durino recent years nucleic acid and certain of the 
metallic nocleates have found somewhat wide and 
increasing application in medicine, and particularly in 
connection with surgical practice. At the outbreak of 
war these substances were obtained chiefly from Germany 
and America, and so far as I am aware were not manu- 
factured at all in this country. A number of urgent 
inquiries having been received from France and elsewhere, 
the Pharmaco-Chemical Products Company, Ltd., sug- 
gested to me that I should undertake the investigation of 
this matter with the object of devising methods for the 
manufacture of pure nucleic acid and its derivatives on a 
large scale. Yeast was obviously the most convenient raw 
material, and for more than a year the above-mentioned 
company have been manufacturing considerable quantities 
of pure yeast-nucleic acid and its compounds. 

It will be obvious that, in the prosecution of this work, 
it was necessary to have methods for examining the pro- 
ducts obtained and to establish analytical criteria of 
purity. The production of pure nucleic acid on a large 
scale presents many difficulties, the two chief ones being 
the complete removal of protein and the prevention of the 
contamination of the acid with the products of its own 
decomposition. This will be at once apparent when it is 
remembered that nucleic acid results from the breaking 
down of the nucleo-proteins of the cell nuclei on the one 
hand, and that, on the other, it yields, as the result of further 
hydrolytic change, a number of complex nucleosides and 
bases, together with phosphoric acid and the carbohydrate 
d-ribose. The conditions for hydrolysis have therefore to 
be very exactly determined and very strictly observed in 

** Up to the present two nucleic acids have been very fully 
studied, the one derived from yeast, the other from the 
thymus gland. Whether these two acids represent typical 
members of two sharply defined groups, or whether all 
nucleic acids are identical with one or tha other, is at 
present a little doubtful. The latter view is, however, tbf 


one more generally held, and the nucleic acid from yeast is 
frequently known by the more comprehensive term 11 plant* 
nucleic acid." It is with this plant nucleic acid that the 
present paper chiefly deals. 

The following statement shows at a glance the chief 
products of hydrolysis of these two nucleic acids, and at 
the same time affords an insight into their respective 
chemical constitutions 

Plant Origin . — Guanine, adenine, cytosine, uracil, 
d-ribose (pentose), phosphoric acid. 

Animal Origin. —Guanine, adenine, cytosine, thymine, 
lievulinio acid (from a hexose), phosphoric acid. 

Plant nucleic acid is a white friable substance devoid of 
odour or taste, and having the formula C^HjoOagNfjP^ 
It is practically insoluble in water, but dissolves readily in 
solutions of alkaline acetates. It is also readily soluble in 
solutions of the alkalis forming the soluble alkaline aalta. 
From these solutions a few drops of hydrochloric acid 
precipitate the nucleic acid in a dense curdy form, which 
dissolves completely on the addition of a large excess of 
the acid. 

When acetic acid is added to a solution of the sodium 
salt the acid is partly precipitated, but no precipitate is 
formed on the addition of any acid in the presence of a 
sufficient quantity of alkaline acetate. 

When added to a solution of sodium nucleate a solution 
of copper acetate acidified with acetio acid gives a bulky 
greenish blue precipitate. 

Calcium chloride in excess in the presence of a few 
drops of acetic acid gives a white precipitate at first 
flocculent, quickly becoming more granular. 

Silver nitrate, when added in considerable excess to a 
fairly strong and neutral solution of sodium nucleate, gives 
a white gelatinous precipitate. On the addition of a little 
sodium chloride this dissolves, forming an opaque colloidal 
solution. One drop of hydrochloric acid added to this 
precipitates the silver as chloride. 

Solutions of sodium nucleate in water exhibit a marked 
tendency to gelatinise, and, if sufficiently strong, set to 
a jelly. 

The above reactions, coupled with the recognition of 
guanine and adenine (which are the most easily isolated 
and best defined of the bases formed on hydrolysis), suffice 
for the identification of nucleic acid, when it exists in a 
fairly pure condition. 

For the hydrolysis of nucleic acid io grass, of the add 
(or a larger quantity if available) are heated in a boiling 
water-bath for two hours with 40 cc. of xo per cent 
sulphuric add (or a proportionately larger quantity if 
more than 10 grms. are taken) in a small flask fitted with 
an air condenser. At the end of this time strong ammonia 
is added to the hot solution in the flask until the liquid 
contains an excess of about 3 per cent. The guanine is 
precipitated in a granular form, the adenine remaining in 
solution. After filtering and washing with x per cent 
ammonia the guanine is dissolved in the smallest possible 
quantity of dilute sulphuric acid, decolorised if necessary 
by means of a little animal charcoal, and the base pre- 
cipitated again from the colourless solution by the addition 
of an excess of ammonia. The purified base may then be 
converted into the hydrochloride, which crystallises very 
readily and may be easily identified by the application of 
any of the well known tests. The ammoniacal filtrate 
from the guanine, together with the ammoniacal washings, 
is acidified with sulphuric acid, heated to boiling, and the 
adenine precipitated as a cuprous compound by tha addi- 
tion of a xo per cent solution of copper sulphate. Inas- 
much as the solution contains the carbohydrate ribose it 
is not necessary to add sodium bisulphite for the purpose 
of reducing the cupric compound. T^e adenine-copper 
compound is suspended in hot water, decomposed with 
sulphuretted hydrogen, and the filtrate from the copper 
sulphide evaporated to dryness on the water-bath. The 
residue, consisting of nearly pure adenine, is dissolved lo 
5 per cent of sulphuric acid, and the adenine sulphate, 
which is readily soluble io hot, but very slightly soluble 
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in cold water, allowed to crystallise. The usual tests 
can then be applied. 

The following »s an outline of the procedure to he 
adopted for the examination of nucleic acid, with the object 
of ascertaining its purity and quality. 

The acid should be white or at the most have a very 
faint buff colour. It should be completely soluble in an 
aqueous solution of sodium acetate or in dilute solutions 
of ammonia or of sodium or potassium hydroxides. The 
solutions in these reagents should be bright and almost 
colourless. When a few drops of hydrochloric acid are 
added to a solution of the sodium salt in water the acid 
should be precipitated as a white curdy substance, and on 
the further addition of a large excess of the hydrochloric 
acid this should dissolve completely. An aqueous solu- 
tion of the sodium salt should give with cupric acetate, 
calcium chloride, and silver nitrate the reactions described 
above. 

Tests for the Absence of Protein . 

Biuret Reaction.— A solution of the acid in an excess of 
caustic soda should give, on the addition of one or two 
drops of dilute copper sulphate solution 1 , a greenish blue 
colour with at the most a faint tinge of purple. The test 
is quite sufficient, but occasionally, the following test is 
applied : — 

A 5 per cent solution of nucleic acid in a small excess 
of ammonia, when heated in a bath at 105° C., should 
give at the most a slight turbidity. 

In connection with these tests it may be pointed out that 
the removal of the last traces of protein matter from 
nucleic acid involves a very troublesome series of treat- 
ments, and that acid of high commercial quality will 
usually give an indication of the presence of traces of 
protein when subjected to the above tests. The second 
of the above tests is the more severe, inasmuch as an 
amount of protein equal to not more than o*i or 0 2 per 
cent (expressed on the acid) gives a very appreciable 
volume of precipitate. 

Inorganic Phosphate .— To a solution of the acid in 
excess of ammonium or sodium acetate a few diops of 
acetic acid are added, and then a little uranium acetate. 
A flocculent precipitate is formed, which in the absence of 
more than a trace of inorganic phosphate should dissolve 
' completely on boiling. A considerable excess of alkaline 
acetate is necessary in this test. 

Estimation of Nitrogen and Organic Phosphorus. 

Nitrogen .— This is estimated by the Kjeldahl method 
in the ordinary way. 

Phosphorus.— A weighed quantity of the acid is fused with 
six times its weight of sodium carbonate containing 10 per 
cent of potassium nitrate. The fused mass is taken up 
with water, and in this solution the phosphoric acid is 
estimated either by the molybdate method or by direct 
precipitation with magnesia mixture in the presence of a 
little ammonium citrate. 

It will be seen that the formula given above corresponds 
with 16 1 per cent of nitrogen and 9 5 per cent of 
phosphorus. 

Commercial nucleic acid of good quality ought to con- 
tain not much less than 15 per cent of nitrogen and 9 per 
cent of organic phosphorus (expressed on the moisture- 
free sample). The examination of nucleic acid should 
always include these two items, and the ratio of the per- 
centage of organic phosphorus to that of nitrogen is one 
of the best criteria of the purity of the acid, since, if this 
ratio (1:17) is approximately correct, the presence of 
anv appreciable proportion of the products of hydrolysis 
is excluded. 

* Discussion, 

The Chairman (Mr. W. T. Burges^), in inviting dis- 
cussion, remarked on the high percentage of nitregen 
which nucleic acid contained, and asked whether it could 
be estimated satisfactorily by the Kjeldahl process, or 
whether some “ ultimate ” process would have to be used. 


Dr. Wynter Blyth, referring to the identification of 
the nucleic acid by the production of adenine and guanine, 
asked whether there was any other method which would 
require smaller quantities than 9 or 10 grms., and also 
whether Mr. Chapman could say how the nucleic acid 
was secreted, and in what manner it affected the urine. 
Presumably the phosphates would be increased, and pos- 
sibly the amino-acids. 

Capt. R. H. A. Plimmer asked whether Mr. Chapman 
had any further information on the subject of the increase 
of leucocytosis by nucleic acid used in surgical injections. 
It had been shown that meat extract caused an increase 
of uric acid in the urine, and meat extract contained 
purine and pyrimidine bases, which were constituents of 
nucleic acid. This suggested that the uric acid might be 
produced from the pyrimidine bases, but it might be the 
result of some synthetic process in the body. He had 
been hoping that Mr. Chapman would have described 
some method for the quantitative chemical analysis of the 
decomposition products— for the estimation, for instance, of 
thequantity of guanine yitlded. Such quantitative analysts 
was a difficult matter, and Mr. Chapman's paper gave an 
increased power to deal with it. Some years ago Professor 
Scott and be (the speakei) had discovered a method of 
detecting the minutest quantities of inorganic phosphorus 
or phosphate mixed with organic phosphorus compounds, 
using an ammonium molybdate reagent made with hydro- 
chloric acid and containing some potassium persulphate. 
A mixture containing organic but no inorganic phosphorus 
compounds gave merely a yellow coloration, but if in- 
organic phosphate was present a yellow precipitate was 
produced. 

Mr. H. F. E. Hulton asked whether Mr. Chapman 
would include absence of the biuret among bis criteria of 
the purity of nucleic acid. 

Mr. Chapman, in reply, said that the total nitrogen in 
the nucleic acid was readily obtained by the Kjeldahl 
process. As to the question of obtaining enough guanine 
and adenine for purposes of identification, there was no 
difficulty nowadays in obtaining sufficient nucleic acid to 
enable one to work with the 10 grms. required for this pur- 
pose. He was sorry to say that he had no information as 
to the form in which nucleic acid was excreted. A great 
deal of wo.k had been done on the action of various 
enzymes on nucleic acid, but precisely what happened to 
the phosphates or to the other constituents he was not 
able to say. 

Capt. Plimmer said that the phosphates were increased 
in the urine, and to a probably greater extern in the 
fajees. 

Mr. Chapman, continuing, said that he did not know 
precisely what happened in connection with the increased 
leucocytosis which resulted from the use of nucleic acid, 
nor did be know the reason for the increase. That it did 
occur there could be no reasonable doubt, for the German 
literature on the subject was specially voluminous, and 
numerous experiments on this property of nucleic acid had 
also been made in France. Nucleic acid was, in fact, 
being used in considerable quantities for this particular 
purpose, and appeared to afford material help. He had 
not attempted the estimation of guanine, which would be 
a troublesome process and beyond the scope of his im- 
mediate object. The production of guanine and adenine 
by hydrolysis bad been recommended merely for the pur- 
pose of effecting some more complete identification of the 
nucleic acid itself. He was much obliged to Captain 
Plimmer for the reference to his special molybdate reagent, 
and should certainly try it. He was obliged also to Mr. 
Hulton for his reminder about the b uret reaction, which 
was, however, dealt with in the paper. This reaction 
should be practically absent. On dissolving (he acid in a 
slight excess of caustic potash or soda and a few drops of 
copper sulphate there should be not more than tbe faintest 
possible tinge of purple ; more than that would, of course, 
indicate the presence of protein . — The Analyst , July 
1918. 
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Acidimetry oj Coloured Solutions. 


THE ACIDIMETRY OP COLOURED SOLUTIONS: 

AN APPLICATION OF THE POCKET 
SPECTROSCOPE. 

(Preliminary Note). 

By ALFRED TINGLE, Ph.D.. C jstoin* Laboratory, Ottawa. 

Ir became necessary at the Customs Laboratory, Ottawa, 
to mike acidimetric titrations of deeply coloured 
a Ikaloidal solutions, and it was found that the colouring 
matter could not be removed without vitiating the quanti- 
tttive nature of the results. Ordinary methods of meeting 
the difficulty having failed it has been found that the 
spectroscope offers a solution. 

The absotption spectra of indicators are, of course, 
markedly different in acid and in alkaline solution, and the 
presence of an independent spectrum, arising from the 
natural colouring matter, does not prevent the observation 
o: the first one, unless, indeed, it should happen that in 
some individual cases the two spectra overlap. 

In practice the author has found it very nearly, if not 
quite, as accurate to determine the end-point of an acidi- 
metric titration spectroscopically as with the naked eye, 
and the spectroscopic method is certainly available in 
many cases where otherwise no end point could be seen. 
Ooviously it can be used at night as easily as in day time. 

The Spectroscopic Method . 

Two similar vessels are provided, one of which holds 
the solution to be titrated, the other an equal volume of 
distilled water. To the latter is added one drop of the 
standard alkali to be used, and then an accurately- 
measured quantity of the indicator. The latter is added, 
a little at a time, till the characteiistic absorption band 
shows a sharp enough edge. The quantity of indicator is 
noted, and the position of the edge of the band is also 
noted. This position marks the end point. 

The same volume of indicator solution is next added to 
the l quid to be titrated, after which titration is carried 
out in the ordinary way but for the fact that the spectro 
scope is used in place of the naked eye to watch the 
change of colour. In most cases this will be found to 
result from the shifting of an absorption band rather 
than the substitution of one band for another. The 
shifting may be gradual, but when the band watched has 
reached the position registered for it in the “blank experi- 
ment,” the end-point has been reached. In every case, it 
need hardly be said, the same thickness of liquid must be 
examined, but the shape of the vessel is of no importance. 
The author has often used a conical fU.k and obtained as 
good results as with any other container. 

The spectroscope used in this work was a direct vision 
Beck-Thorp diffraction instrument. It is one of the 
cheapest on the market and extremely convenient. A 
large spectroscope would be very unsuitable for such a 
purpose as the present one, but any handy instrument 
could be used. No attempt has been made to express 
numerically the positions of the bands of the different in- 
dicators worked with. These vary wiih the dilution, 
thickness of layer examined, and perhaps other factors, 
and each worker must find those conditions best suited to 
bis own peculiar eyesight. 

In the following experiments the volume of liquid 
worked with was in each case about 60 or 70 cc., and the 
thickness of layer examined about 45 mm. The solutions 
were contained in flat sided tincture bottles. It will be 
noted that the volume of indicator used is much larger 
than would be suitable were observations being made with 
the naked eye. 

Experimental Results . — Every indicator hitherto worked 
with his been found to have its own peculiarities, which 
most be carefully studied before it can bt UM.d in connec- 
tion with the spectroscope. Some of these are still being 
looked into, and at present the author can only give detail -t 
of methyl-orange and cochineal. 
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A reliability test was made by measuring out definite 
quantities of deeinormal sulphuric acid, colouring these 
with carefully neutralised extracts of black tea cr stick 
liquorice, so that the end point would not be visible to the 
unaided eye, and then titrating by the method outlined 
above against deeinormal soda. 


Kxp. 

Vol. of N/i > ILSOi 

Vol. of N 10 ILSO4 

No 

by measurement (cc.). 

found by titration (cc.) 

Indicator used- 

— Cochineal, 2*5 cc. 

— 

1. 

150 

1521 

2. 

260 

25-98 

3 - 

20*0 

1996 

Indicator used- 

-Methyl-orange, 1 cc. 

4 - 

2 1 'O 

21 04 

5 - 

I 7’5 

*7 49 

6. 

14*0 

14 n 

7 - 

18-5 

1916 


The failure in the last case quoted appears to have been 
due to a temporary defect in the source of light. This 
trouble was not suspected till the readings bad been taken 
and the solution thrown away, so that re-titration was 
impossible. As a further factor in considering the degree 
of accuracy it should be noted that while performing these 
titrations the author did not know what result be might 
expect, the acid having been measured by Mr. Babington, 
the Chief Analyst to the Customs, the amounts not being 
disclosed till the titrations were completed. For this and 
much other help in other directions the author's best 
thanks are due to Mr. Babington. The cochineal solution 
used was a saturated extract made with 50 per cent 
alcohol. The methyl-orange solution was 0*1 per cent of 
colouring matter in water. 

Lately, Mr. Babington and the author (“ Chemical In- 
dustry in Canada during the War,” x., 32) commented on 
the different titre shown by solutions according to whether 
cochineal or methyl-orange is used as indicator. The 
spectroscopic method appears to bring methyl orange back 
into line with cochineal and laemoid. Figures cannot 
be quoted at present, but it is apparent that the spectra of 
neutral methyl-orange and alkaline methyl-orange are the 
same. From this it follows that the usual practice with 
this indictator of titrating to an intermediate tint is mis- 
taken. Alkali should be added till the fullest change to 
yellow has taken pi <ce. Cochineal, on the other hand, 
changes colour as it becomes more alkaline. 

The author hopes shortly to publish a more complete 
account of this work in connection with other indicators. 
— Journal of the Society 0/ Chemical Industry , xxxvii., 
No. 8. 


Federation of British Industries. —The members of 
the Federation of British Industries representing the great 
body of the manufacturers of this country desire to offer 
to H's Majesty the King their respectful homage and con- 
gratulations upon the wonderful success which has 
crowned the efforts of the British Empire and her Allies in 
the struggle which has been brought to such a glorious 
conclusion. They also desire to offer to the Forces of the 
Crown of all three services and from every part of the 
Empire, profound appreciation and thanks for the superb 
courage and endurance with which they have borne the 
terrible trials of the past four years. They tender to the 
Right Honourable D. Lloyd George, the Prime Minister, 
an expression of their sincere admiration and thanks for 
the magnificent courage, steadfastness of purpose, energy, 
and skill with which he has guided the Nation through 
years of the gravest difficulty and anxiety to final victory. 
They also desire to express their sincere and hearty 
appreciation, which is based upon actual knowledge and 
experience, of the loyal and devoted service which has 
been been given bv the staffs and workpeople of the minu- 
factuiing and business establishments of this country 
throughout the period of hostilities, which has contributed 
in such great measure to the success of tbe Allied cause. 
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A NEW FORMULA FOR THE CALCULATION 
OF ADDED WATER IN MILK.* 

By LESLIE J. HARRIS. 


The calculation of the percentage of added water in milk 
from the deficiency of solids-not-fat below some fixed 
standard (a.g., 8 50 per cent) is inaccurate. A new 
formula is given introducing a compensation for cases 
where the rising of fat globules has produced a depression 
of solids-not-fat in the creamy fraction. The formula is— 


W-100 - 


xo t ooo N 

N'(ioo-F) + F'N' 


W being the required percentage of added water. 
N ■■ percentage of solids-not-fat in milk. 

F — „ „ fat in milk. 

N'-> y, „ solids-not-fat in standard. 

F' — „ yy fat in standard. 


This formula is scientifically accurate if milk be regarded 
as an emulsion of fat globules in a solution (or pseudo- 
solution) of solids- not-f at. A previous formula proposed 
by Riohmond— 

W-100 - x 100 

345 

is arbitrary and of only approximate acouracy. 

A mathematical treatment is given of the variation in 
composition of milk on standing. The solids-not-fat are 
shown to vary directly as the final non-fatty milk con- 
stituents, and inversely as the original non-fatty milk 
constituents. 


COLLOIDAL SILVER. 

By ALWYN PICKLES, B.Sc. 

During a silver recovery from residues the following 
perhaps unusual change took place. The silver chloride 
was converted to the oxide, Ag a O, in .the usual way, and 
thoroughly washed. 

To show its reducing power formaldehyde 60 per cent 
fras used for the ultimate reduction. This operation was 
carried out in a vessel containing a mechanical stirrer. 
At room temperature, 14° C., reduction was slow, and 
nothing out of the ordinary happened. On raising the 
temperature to 35° C. reduction was accelerated, but the 
liquid was found to be acquiring a pale lilac tint increasing 
In intensity as reduction proceeded. This solution passed 
unchanged through ordinary filter-papers, and has been 
preserved since the experiment— June, 1917. The colour 
of the solution is now a rich ruby-red. 

The experiment was repeated using acetaldehyde, but 
no similar result was obtained. Possibly the acetic acid 
produced, less volatile than the formic acid produced 
above, was sufficiently ionised to ensure immediate 
coagulation of the colloidal particles formed. 

Further experiments dispensing with continuous stirring 
and elevation of temperature gave no result in several 
cases, and in others only after several days, the colour 
produced being only slight. 

There seemed reason for suspecting colloidal silver. 
The following experiments gave some support to the 
idea 

i« The colour was discharged by salt solutions, though 
only slowly. Nitric acid was most effective especially on 
warming. 

a. Hydrogen peroxide was slowly decomposed on slightly 
warming. The peroxide solution was, however, very 
dilute — 4 volume. I 


* Summary of a Paper in THt Analyst, October, 1918, 


ENEMY METHODS OF GAS WARFARE. 

In April, 19x5, a German deserter in the Ypres salient 
gave warning of the first attempt to use poison gas in 
modern warfare. No one believed him ; but a week later 
the enemy launched his first attack with chlorine gas 
against our unprepared and unprotected troops, and claimed 
subsequently to have killed 6000 men and to have taken 
an equal number of prisoners. Since that time gas war- 
fare has become a combination oi a science and an art, and 
its development shows the usual straggle between attack 
and defence, and in this case between poison and antidote. 

The first method used took the form of a gas cloud. 
The cylinder was covered with a layer of moss containing 
potassium carbonate solution, and surrounded by sand bags. 
When the attack was made the protective covers were re- 
moved, and the cylinder connected with a lead pipe bent 
over the top of the trench. The success of such an attack 
depends largely on physical conditions. The wind direc- 
tion must Tie between two straight lines which make 
angles of 40° with the neighbouring sections of the front, 
and its velocity must be within the limits of four and twelve 
miles an hour. An upward current is the worst foe of gas, 
and the ground should slope gently away from the point 
of emission. Above all, the element of surprise plays a very 
important role. The gas used must be easily compressible, 
easily made on the large scale, of high density and toxicity, 
and preferably of low chemical activity. Thus the choice 
is practically limited to two gases, chlorine and phosgene. 

Chlorine suffers from the defect of being too chemically 
active and therefore too easily absorbed. The first pro- 
tection against it consisted of pads of cotton-wool soaked 
in solutions of sodium thiosulphate and carbonate. The 
type changed every week, till finally a helmet was intro- 
duced, consisting of a flannel bag soaked in the above 
reagents and containing a mica window. This proved an 
efficient protection. 

Phosgene was first used in December, 1915, by the 
Germans, but, thanks to our Intelligence Department, the 
danger was foreseen and provided against by the issue of 
helmets containing sodium phenate. These gave adequate 
protection when the gas concentration did not exceed 
1 : 10,000, but as the enemy was soon able to increase the 
concentration a more efficient absorbent had to be found 
The Russian suggestion of using hexamethylenetetramine, 
(CH a )oN4, was adopted. In conjunction with sodium 
phenate it gave protection against gas concentrations of 
x : xooo for a considerable time. The type of respirator 
was changed to the box type, which strikes a useful 
balance between the efficiency of a larger apparatus and 
the lightness and convenience so essential in a gas mask. 
Thus an oxygen apparatus would be useless on account of 
its weight and short life. “ The side that can first force 
the other to use oxygen respirators for protection has prob- 
ably won the war.” 

Besides the antidotes already mentioned, activated 
charcoal, another Russian suggestion, is much used. 
Charcoal and alkaline permanganate will protect against 
nearly every gas, even up to concentrations of 10 per cent 
for short periods. 

The German apparatus, which is not so efficient as ours, 
consists of a small drum attached to the face piece of the 
respirator and containing three layers of materials, vix., 
pumice soaked in hexamethylenetetramine, charcoal, and 
on the outside baked earth soaked in potassium carbonate 
solution and coated with charcoal. 

In all probability the method of attack by gas cloud has 
had its day, everything pointing to the gas shell as being 
the more deadly weapon and the more capable of develop- 
ment. The term “ gas shell ” is somewhat misleading, as 
the contents are generally liquid or solid, but the materials 
used are vaporised or atomised by the explosion, a proper 
adjustment between bursting charge and poison being 
necessary. The chief advantages of a gas shell are It 
is not dependent on the wind, it can be fired with all the 
accuracy of modern gunfire, and it does not require a 
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•pecial corps for its application. On the other hand, a 
»bell does not prodace more than about 6 lb. of gas, 
whereas a German cylinder contains 40 lb. 

The first type to be used was the tear shell, the 
“ lachrymator ” being pure xylyl or benzyl bromide. The 
bromination had apparently been carelessly performed, 
about 20 per cent of the inactive dibromide being present. 
These shells “ neutralised ” units temporarily, instead of 
patting them out of action, but before long the highly 
poisonous trichloromctbyl-chloroformate, CICOOCCI3, 
came into use. This has no action on the eyes, and hence 
is difficult to detect. 

The next stage was the introduction ol a substance 
which simultaneously harassed and injured the enemy. 
The most important of these is the dreaded “ mustard gas,” 
dichloro-diethylsulpbide, (CH^CIC^^S, which has no 
immediate effect upon the eyes beyond a slight irritation, 
but produces extremely painful after effects ; the eyes 
swell and blister, the nose discharges freely, and coughing 
and vomiting o*:cur. Direct contact with the skin also 
produces blistering, and the concentrated vapourpenetrates 
clothing. The Germans scored heavily with the use of 
this shell until our counter-measures proved effective. 

Other surprises of the enemy were phenyl-carbylamine 
chloride, a “ lachrymator,” and diphenyl-chloroarsine, a 
“sneezing gas,” which makes the victim sneeze so 
violently that he is prevented from using his respirator. 
A modern gas bombardment would consist of a carefully 
adjusted mixture of these types. 

In addition to the substances already mentioned the 
following have also been used : — 

In shells : — Allyl iso thiocyanate, bromated methyl* 
ethyl-ketone, dibromo-ketone, nitro - trichloro - methane 
(chloropicrin), dichloro-methyl-ether, sulphur trioxide. 

In hand grenades : — Bromoacetone, bromine, chloro- 
acetone, cbloro-sulpbonic acid, dimethyl sulphate, methyl- 
chloro-sulphonate. 

Prussic acid has not been used by the enemy, being 
rated apparently below phosgene. 

“ Both sides are busy trying to find something that the 
others have not used, and both are trying to find a 
' colourless, odourless, and invisible 1 gas that is highly 
poisonous. It is within the realm of possibilities that the 
war will be finished, literally, in the chemical laboratory ” 
(S. J. M. Auld, of the British Military Mission, Journ . 
Wash. Acad . Set., 1918, viii., 45). — Journal of the Society 
of Chemical Industry , xxxvii., No. 7. 


Salters' Institute of Industrial Chemistry. —The 
Court of Assistants of the Salters 1 Company have appointed 
Martin Onslow Forster, Esq., F.R.S., D.Sc. (Lond.), to 
be the first Director of the Salters 1 Institute of Industrial 
Chemistry. Dr. Forster will enter upon his new duties at 
an early date. The new Director of the Salters 1 Institute 
is a distinguished chemist, who, from July, 1915, till the 
present time, has been Chairman of the Technical Com- 
mittee of British Dyes Limited, and also until recently 
a Member of the Board of Directors. He is Honorary 
Treasurer of the Chemical Society, and a Member of the 
Council of the Royal Society. 

Competitive Essays on Explosives.— The Dorset 
Field Club is well known as an energetic body which has 
in the course of its activities of various kinds done much 
to spread a knowledge of science, and in this connection 
attention may be called to the Prize and Medal which are 
now being offered for an “ Essay on Explosives and their 
Use in Warfare.” Detailsof this interesting competition are 
to be found in our advertisement columns. The subject of 
the essay should offer ample scope to the scientific know- 
ledge and literary ability of young chemists, and we hope 
that large numbers of our readers will avail themselves of 
this opportunity of entering for a competition from which 
even the unsuccessful are bound to derive considerable 
benefit. 


SUGAR FROM SEVERAL POINTS OF VIEW. 

By GEORGE MARTIN EAU, C.B. 

(This paper is written to prove, from the history of 
sugar during the last sixty years :-i. That nascent 
industries can be encouraged, research stimulated, and 
efficiency created, by a rational, well regulated, but 
moderate stimulus. 2. That preferential treatment in 
home markets is the best, perhaps the only, way to give 
real confidence to capital ; and that with that confidence, 
coupled, of course, with favourable natural conditions, 
British industries will flourish, and may even become 
capable of furnishing the whole consumption of the 
Empire. 3. That the damping of commodities below 
cost price is a fatal injury to the consumer). 

Dr. H. C. Prinsen Geerligs, in his fine woik on “ The 
World’s Cane Sugar Industry. Past and Present,” gives a 
long and interesting account of the early history of sugar. 
He goes back to Hindu mythology. A certain famous 
hermit, once upon a time, was desired by an Indian prince 
to procure for him permission to be translated to heaven 
during his lifetime. This was refused, but the hermit 
kindly furnished for him a temporary paradise on earth. 
This seems to have included, among its many delights, 
the sugar cane. After the destruction of this paradise, 
the sugar cane was spread all over the world as a 
memorial of the famous hermit. No date is mentioned. 

When we emerge from these pre-historic times we 
again meet with real sugar, for the first time, in India. 

It is called “ gur ” in India now, and that seems to have 
been its name from very early days. 

In the seventh century, a.d., the fact is on record that 
a Chinese Emperor sent people to India to learn the art of 
sugar manufacture. The natives in India at the present 
time are content to produce “ gur ” by boiling down the 
juice from the cane till it solidifies. But it appears that 
even in that early period the Arabs, when they got hold 
of the sugar cane, learned to purify the raw sugar by 
re-crystallisation and to produce a great variety of sweet- 
meats. 

In the thirteenth century travellers reported the existence 
of many sugar factories in China. Then we bear of the 
Arabs taking the sugar cane to Sicily, and thence to 
Africa. Thus it spread all round the coasts and islands 
of the Mediterranean. The Crusaders found extensive 
sugar plantations in many parts. Spain boasted of a 
flourishing sugar industry even in the twelfth century. 
From China the sugar cane found its way to the Indian 
Ocean, to Siam, the Philippines, Formosa, and Japan. 
But in those days it was only in China and the countries 
round the Mediterranean that a real sugar industry 
existed. The Crusaders took a great interest in the culti- 
vation of the sugar cane, and founded many important 
centres of the industry. 

When these early industries produced more than they 
consumed a trade in sugar sprang up. The Crusaders, 
when they got home, began to import it, and a brisk 
trade started between the Italian ports and Northern 
Europe. It is curious to note that in these early days the 
traffic was in refined, not raw sugar. This is easily 
explained by the fact that the art of 6ugar-refining had 
not yet reached to Northern Europe. It was actually 
loaf sugar that the Crusaders and others imported from 
the Mediterranean ports. We hear of Damascus and 
Tripoli becoming great sugar-refining centres in the four- 
teenth century. 

Then, alas! in the fifteenth centuiy the Turks began to 
overrun these countries, and the sugar industry bad a bad 
time; in fact, as Dr. Prinsen Geerligs says, “the once 
flourishing sugar industry of the Mediterranean was con- 
demned to extinction.” But, in the meantime, the 
Portuguese took the sugar cane to Madeira, the Azores, 
the Cape de Verde Islands, and the Gulf of Guinea. 
Spain colonised the Canary Islands. In all these places 
a new sugar industry sprang up and flourished, especially 
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with the help of slave labour. Then came America. Spain, 
Portugal, Holland, Great Biitain, and France colonised a 
vast territory, and sugar, instead of being a fancy luxury, 
soon became an article of common consumption. Fertile 
land, a favourable climate, and cheap labour formed the 
basis of the great sugar industries of the West. First 
Brazil, then the West India Islands, English, French, 
Spanish, and Dutch, then other countries on the main- 
land of America, Surinam, Demerara, Berbice, and 
finally Peru, Argentina, Chile, Mexico, and Louisiana. 
The competition from these new countries soon ex- 
tinguished the little industry in Madeira, the Cape de 
Verde, and the Canary Isles. 

France introduced sugar cane into Mauritius and 
Reunion, which soon began to export sugar to Europe. 
Early in the eighteenth century the Dutch East India 
Company, which had been importing sugar from Formosa, 
Bengal, and Siam, introduced the sugar cane into their 
Island of Java ; but the wonderful success of that most 
remarkable of all cane-sugar industries did not take place 
till long afterwards. 

Then, at the birth of the nineteenth century, came the 
great war between France and Great Britain, and the 
cane-sugar industry had a bad time. Naval engagements 
in West Indian waters, the sinking of sugar cargoes, the 
capture of merchant ships, not only from the West but 
also from the East, and other blows dealt by France at 
British trade, did not conduce to the development of the 
cfcne-sugar industry. Finally came Napoleon’s “ con- 
tinental system.” 

I am much obliged to Dr. Prinaen Geerligs for enabling 
me to give this brief sketch of the early history of cane 
sugar, and can now go forward to my own personal 
experiences from 1856 to the present day. 

In 1856 our industry of sugar-refining was in a flourish- 
ing state. Practically all the loaf sugar consumed in this 
•country was produced in the East End of London, where 
about twenty refineries, each doing a few hundred tons a 
week, were very busy, giving work and wages to the sur- 
rounding neighbourhood, and keeping the London Docks 
fully occupied with the thousands of hogsheads of West 
India sugar which were annually imported. That was the 
sugar which we principally used, helped out with sugar 
from Mauritius, British India, the foreign West Indies, 
and the foreign East Indies. The total, in 1856, was 

384.000 tons of raw cane sugar, to which must be added 
9000 tons of foreign refined sugar and 4000 tons of raw 
beetroot sugar. This gives a total consumption of 

397.000 tons. The remarkable point is that of the 

384.000 tons of raw cane sugar 285,000 tons, 70 per cent, 
came from our own sugar-producing British Possessions, 
East and West, but especially West. Those were good 
days, not only for British sugar refining but also for the 
British West Indian Colonies and Mauritius. It will be 
interesting, for a moment, to look at the kind of sugar 
which the world produced in those days, and especially 
at our largest contributors, the British West Indies. 

The British West Indian sugar of sixty years ago was 
an excellent class of raw sugar, so good, in fact, that a 
considerable portion of it was pure enough to go direct 
nto consumption, and it is with regret that those who 
were intimately acquainted with it view its impending 
abolition. It was well made, with gieat skill and 
care, a skill which has probably by this time nearly 
died out. It was a primitive process, but much superior 
to other primitive processes of those days, some of which, 
unfortunately, still survive. It was called “ muscovado 
sugar,” and was produced by a simple process, giving a 
good result when well done, but very different to present 
requirements. 

At the date with which we are now|dealing the world 
produced about 1,200,000 tons of cane sugar and 250,000 
tons of European beetroot sugar — total 1,450,000 tons. 
The cane-sugar producing countries of those days, 
mentioned in the order of their importance, were Cuba, 
Java, Mauritius, the British West Indies (including British 


t Chemical News, 

1 Nov. 22, 1918 

Guiana), Brazil, Porto Rico, Manilla (the name in those 
days for sugar from the Philippine Islands), Reunion, 
Louisiana, and the French West Indian Islands of Marti- 
nique and Guadaloupe. The finest raw sugar came from 
Java, Mauritius, the French West Indies, Reunion, and 
Louisiana. Cuba made a semi refined raw sugar called 
Havana, but the bulk of its production was a muscovado 
sugar, very inferior to the British variety. Porto Rico, 
on the contrary, produced a very fine muscovado sugar, 
quite fit for d rect consumption. The sugars from Brazil, 
Manilla, and British India were very low brown impure 
varieties, requiring a great deal of refining. The British 
refiners were experts with that class of sugar, while the 
foreign refiners, in France and Holland, preferred the 
easier work — mere child's play -with a raw material of a 
much higher grade, in fact, almost pure. 

The British sugar refining industry in 1856 was not con- 
fined to London, though London produced practically the 
whole of the loaf sugar which we consumed. Biistol 
was a very old established centre of the industry. The 
great house of Finzel, then the largest refinery in the 
country, was celebrated for its large grained crystallised 
sugar, and was the first to use the newly invented cen- 
j trifugal machine. Liverpool also was a large contributor 
to our refined sugar production. Ships from Brazil were 
constantly arriving in the Mersey and bringing, among 
other things, the low brown sugar from that country. In 
the Clyde also a new and flourishing industry of sugar- 
refining was springing up. It increased with great 
rapidity, having discovered a new way of producing 
yellow sugar of very superior colour and quality, a kind 
popular with the buyers of the cheapest article. The 
history of the rise and progress of this industry is in- 
teresting, as an indication of the vicissitudes through 
which the sugar-refining industry of this country had to 
pass between 1887 and 1903. 

In 1854 the sugar refiners of Greenock (and Glasgow) 
imported 50,000 tons of raw sugar. In 1865 they im- 
ported 136,000 tons, and the figure went on increasing 
rapidly until, for the five years 1877 81, the average 
yearly importation was 248,429 tons. This figure held 
till 1887, when a fall, as rapid as the rise, set in. For the 
five years 1887 91, the average yearly imports bad fallen 
to 228,733 tons, for the following five years to 170,373 
tons, and for the years 1897-1900, to 124,874 tons, a 
lower figure than that from which they started in 1865. 
Presently we shall see the reason why. 

This is the completion of our brief sketch of sugar 
sixty years ago. Lei us turn to another picture— after a 
violent revolution. The last year of the nineteenth 
century, 1900, was a record year in the history of sugar. 
Our consumption had risen from 397,000 tons to 1,624,000 
tons — more than four times as much. That is a wonder- 
ful fact, but another, far more incredible, comes next, 
namely, that out of this enormous quantity of sugar 
consumed in the United Kingdom only a little scrap, 

129,000 tons, was produced from the good old sugar cane. 
Even that small quantity would not have come to us bad 
it not have been for two facts— first, that our Colony o f 
Demerara produced a very choice kind of yellow crystal- 
lised sugar which a few intelligent connoisseurs insisted 
upon having ; and, secondly, because two of our sugar- 
refining firms stuck to cane sugar, hoping to obtain a 
fancy price for their refined sugar. We hope they did. 

But there is one more almost equally incredible fact to 
be revealed. The world’s production (not including the 
imaginary figure for British India, which now confuses 
our statistics) bad increased from 1,450,000 tons to 
8,291,800 tons — nearly six times as much. Now comes 
the most wonderful fact of all. Of this quantity, only 
2,880,900 tons was the product of the sugar cane— less 
than 35 per cent ; in other words, nearly two-thirds of 
the world’s production of sugar came frrm the beetroot 
fields of Northern Europe and, to a small extent, from 
the beetroot fields of the United States. These facts are 
worth looking into, in order to discover causes for such 
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^titling effects. I could spend several hours in ex- 
planation — all of it interesting— but we must be brief. 

There is no need to go into the history of the origin of 
beetroot sugar here; suffice it to say that Napoleon 
Bonaparte bad something to do with it, and also the King 
of Prussia. I said that in 1856 Europe produced about 
250,000 tons of beetroot sugar. That was doubled in 
ten years, and in five years more the production exceeded 
a million tons. Another ten yetis raised the figure to 
two millions. This brought cane and beet neck and neck 
in the race ; then beetroot shot ahead to three, four, five, 
and six million tons. 

There are two causes at the bottom of this mystery. 
Energy, ability, efficiency, and, more than all, persistent 
research, constituted the first and best cause. But this 
best cause is not to be had, as a rule, unless you give it a 
stimulus. Capitalists do not care to risk their money 
unless they can see very clearly that there is some security 
for their investment. That is exactly what the European 
beetroot-sugar industry enjoyed ; all except France, who 
bad to languish till 1884. France gave the research most 
liberally, but she lacked the stimulus. 

It was Germany that hit upon the right kind of stimulus. 
It was a brilliant idea, quite an inspiration, and was 
carried out with great jadgment. The sugar duty was 
levied— not upon the sugar produced, hot upon the roots. 
This at once stimulated the farmer to produce the richest 
possible quality of root, and the manufacturer to extract 
from the root the largest possible quantity of sugar. 
Great pains were taken to breed an improved variety of 
sugar beet. This great research lasted for years, and 
still goes on. Its success was astounding— incredible. At 
the beginning the sugar-beet contained less than o per 
cent of sugar. In France it continued to contain less 
than 6 per cent of sugar until the stimulus was applied 
in 1884 to save the life of the industry. But in Ger- 
many the roots went on, year after year, increasing in 
richness until, in 1908, the* average quantity of sugar 
actually extracted from the roots for the whole of Germany 
was 17*63 per cent. I used the word 11 incredible,” and it 
is the only word to use. The natural quantity of sugar 
contained in the sugar beet had been multiplied by three. 
For the ten years 1899*1908, the average yield for the 
whole of Germany was 15*49 per cent. This shows what 
can be done by giving a rational and very moderate 
stimulus. That this wonderful result was caused by tbe 
stimulus— plus, of course, great efficiency— is proved by 
the lamentable fact that poor France, who received no 
stimulus till 1884, was at that date getting a yield of less 
than 6 per cent of sugar, while Germany at the same time 
was producing ix per cent of sugar from the roots as the 
average for the whole country. France hastened to adopt 
the German system, but never succeeded in catching it up 
in the race. The average yield for the ten years 1899 1908, 
which, as I have said, was 15*49 per cent for Germany, 
was only 12 84 per cent for France. This is the worst of 
being “too late.’* In industry it is fatal. Austria, with a 
system similar to that of Germany, got a yield of o\er 15 
per cent for those ten years. 

Research was still rampant, and the breeding of the 
rich roots led to the invention of the diffus ; on piocess — 
another result of the stimulus. This process, now brought 
to great perfection, practically extracts the whole of the 
juice, and in a very pure state. In my book on sugar I 
gave the results of a good German factory in 1908, from 
which it will be seen that the average quantity of sugar 
contained in the roots worked by that factory throughout 
the season was 17*10 per cent, and that the quantity 
actually extracted was 16 64 per cent. These figures show 
what can be done when efficiency reigns supreme, and 
they are also a good illustration of the perfection to which 
chemical contiol of a sugar factory can be brought. 
Everything that happened is known, down to the second 
place in decimals. France, 10 long as the worked roots 
containing leas than 6 per cent of sugar, could not attempt 
the diffusion process. 
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Another instance of the valuable results of research it 
tbe multiple evaporator, called by tbe French the “Triple 
Eflet.” The French had a considerable share in bringing 
this invention to a practical success. It has enabled the 
sugar factory to perforin the most important and expen- 
sive part of its process — that of evaporating the thin 
juice till it is thick enough to crystallise in the vacuum 
pan— with tbe lowest possible expenditure of fuel Re- 
search is still going on with regard to this part of tbe 
process, and has not >ct said its last word. 

Greatest of all the results was the gradual develop- 
ment of the new method of purifying the juice, called 
the double carbonatation process. We have no time, on 
such an occasion as this, to describe processes, but I can 
safely assert that this must be regarded as one of tbe 
greatest of all the results of the researches of tbe last 
fifty years in the world of beetroot sugar. It has now 
found its way to Java, where fine white sugar is being 
produced in large quantities by means of it. But here 
again there is no finality, and it is quite possible that a 
still better process, giving equally good results at less 
expense and trouble, may eventually take its place. Re- 
search is still busy with it. 

The great cane-sugar industries of the world did not 
take a laisset-fairt view of the subject. They immediately 
buckled to and set their house in order. They at once 
adopted the multiple evaporator, and now every modern 
factory has one, or perhaps several. Tbe diffusion pro- 
cess was tried, but found to have too many drawbacks 
when applied to cane sugar production ; but they were de- 
termined to try to extract if possible nearly the whole of 
the juice in the cane. Instead of having only one three- 
roller mill, which squeezes tbe cane twice, they now have 
four, placed tandem fashion with travelling bands between, 
and thus give tbe cane eight squeezes. They also place 
two rollers wi-h rough surfaces at the entrance to the first 
mill, which crack the hard crust of the cane before it 
enters the mill. With these improvements and “ macera- 
tion ” of the “megass” (tbe crushed cane) in its transit 
from mill to mill, they now extract 95 per cent of the 
juice, and are ready to fight the beetroot industry. Instead 
of hundreds of tons, they are turning out thousands from 
each factory, and thus reducing cost of production. They 
have, however, their own special difficulties to surmount. 
Labour is one of tbe greatest. Here Java is in a 
favoured position. Sne has also good soil and climate, 
great efficiency in management, and a fairly good system 
of irrigation. The necessity of supplying the cane with 
sufficient water is vital, and water is not always attain- 
able. ' 

The cost of production depends, to a great extent, on 
the quantity of canes per acre which can be produced. 
Java produces more than forty tons as an average for tbe 
whole of the island, and can therefore produce sugar at a 
veiy low cost, all the factory arrangements being 
thoroughly efficient. Half of Java's cron of about 
1.500,000 tons (rapidly increasing) is now produced in tbe 
form of white granulated sugar of high quality, which 
goes to British India for the benefit of tbe upper classes. 
Our Colony of Mauritius is doing the same, and deserves 
to succeed after all the cruel troubles she has gone 
through. White sugar direct from tbe beetroot juice baa 
been produced for a long time. Tbe present writer recol- 
lects seeing one beetroot factory in Germany, as long ago 
as 1871, turning out good loaf sugar ; and at a later date 
he saw Eugen Langen, the inventor of the cube-sugar 
process, producing very fine cubes at his factory at Elsdorf 
direct from the beetroot juice. 

Th's great effort of tbe cane sugar industry to compete 
with beetroot brings us to another striking result of giving 
industry a stimulus. 1 have shown how the German 
M’niulu rationally applied, led to greater efficiency, pro- 
found icsearch, and most astounding results. I have 
compared it with tbe sadly backward state of the same 
industry in France, long as it received no stimulua. 
And yet I find, if I consult a recent utterance of tbe 
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Council of the Manchester Chamber of Commerce, that 
industries receiving such a stimulus are bound to become 
“ apathetic and inefficient.” Very well, I have given facts 
of practical experience in fiat contradiction to this 
doctrine — a doctrine, by the way, which the members, as 
distinguished from the Council, of the Manchester 
Chamber have now, I am glad to see, repudiated most 
emphatically. 

I will now give more facts of practical experience, this 
time from the cane-sugar industry, which again will prove 
conclusively that this doctrine, so glibly repeated as if it 
were an axiom, is an absolute delusion. Tho United 
States of America gave preferential treatment in their 
own markets to sugar produced in their own states, terri- 
tories, and dependencies. They also gave a slight pre- 
ference— rather more than half a farthing a pound — to 
their protege^ Cuba. Lee us 6ee what has been the result 
of this preference — absolutely inappreciable to the con- 
sumer. Cuba, before the Spanish-American War, just 
succeeded in producing a million tons of sugar per 
annum in the years 1894 and 1895. After the American 
occupation in 1898, and when the unfortunate industry bad 
succeeded in recovering from the devastation of the war, 
the stimulus of the small preference began to tell. In 
1903 Cuba got back to the million ton figure. In 1913 it 
produced 2,500,000 tons, and last year it would have pro- 
duced 3,500.000 tons, but, unfortunately, when the sugar 
was badly wanted, an insurrection broke out in the eastern 
part of the island, and the actual production was reduced 
to 3,000,000 tons. This enormous increase was the result 
of the security capitalists found in the small American 
preference. Large factories were erected, railways con- 
necting them with the shipping ports were constructed, 
everything was done in the most up-to-date style, and the 
only trouble was to get the sugar sold and shipped as soon 
as possible. The United States markets were glutted 
daring the thickest part of the crop time, and prices went 
down sometimes more than £ 2 per ton below the European 
level. The American consumer actually gained by the 
preference. 

In Cuba at the present time there are many factories that 
turn out from 10,000 to 20,000 tons of sugar per annum. 
There are about the same number which turn out from 

20.000 to 40,000 tons. There are eight that turn out 
from 40,000 to 60,000 tons. There are three that turn out 
from 60,000 to 80,000 tons. There is one that produces 
between 80,000 and 100,000 tons, and there is one that 
produces more than 100.000 tons per annum. This 
is the “apathy and inefficiency” created by giving a 
preference ! 

The greatest research now going on in the cane sugar 
industry is the breeding of new varieties of cane which 
shall give more sugar, resist disease, and be suitable for 
various soils and climates. 

I will conclude by giving one more instance of the results 
of preferential treatment in the home market. We know 
from recent experience how comfortable it would be if we 
could produce enough sugar for our own consumption 
without going to foreign countries for it. The United 
States are now in that happy position. Since the pre- 
ference was granted Louisiana has increased her pro- 
duction from 95,000 to 414,000 tons; domestic beetroot 
from 1000 to 779,000 tons; Hawaii (the Sandwich 
Islands) from 12,000 to 602,000 tons ; Porto Rico from 

50.000 to 400,000 tons ; the Philippine Islands from 92,000 
to 300.000 tons; and, finally, Cuba from 1,000,000 to 

3.500.000 tons. If America bad not created this great 
increase in production by giving a preference to her own 
family and friends we should at the present moment be 
suffering — and so would America — from a real sugar 
famine. Instead of that what do we see when we turn to 
American statistics for 1915 ? In that year the con- 
sumption of sugar in the United States amounted to the 
large figure of 4)257,713 tons, every ounce of which, with 
the purely accidental exception of 23,000 tons, came from 
het own states, territories, and protectorates. This 


1 striking fact is entirely the result of giving a preference* 
The United States, so far as sugar is concerned, is now 
independent of the outside world, and is even able to 
spare us a million tons from Cuba whenever we are short 
of supplies. 

This ends ixy essay. There is another essay that might 
be written from the opposite point of view, showing the 
injury done to our sugar industries by competitors armed 
with an artificial stimulus. I have dealt with that, and 
with the economic questions connected with it, in a little 
book entitled *• A Short History of Sugar, 1856-1916, a 
Warning,” to which I desire to refer my present audience. 
But as I made a passing reference to the injury done to 
our refining indusrry, as illustrated by the serious reduction 
in the industry on the Clyde from 240,000 tons per annum 
in 1882 86 to 1 2*1,000 tons in 1897- 1910, it is necessary to 
point out that the cause of this collapse was the enormous 
importation of foreign refined beetroot sugar, at prices 
with which the unstimulated producer could not compete. 
For many years nearly a million tons were imported every 
year, the sugar being landed at every little port around 
our coasts. The Brussels Convention came into force in 
1903, and the Clyde industry, which can work as cheaply 
as any refining industry in the world, revived. In 1913, 
the last year before the war, the Clyde refiners melted 
2 3 z ’333 ions, nearly as much as at the height of their 
remarkable prosperity in 1877-1886. 

A distinguished -shall I say economist ?— has recently 
proclaimed that “ the millions should not be deprived of 
cheap sugar even if it be dumped.” To this most attractive 
exclamation there are three most conclusive contradictions, 
founded on facts derived from the history of sugar during 
the last forty years. Those facts prove— first, that the 
fleeting pleasure of buying a commodity below cost price 
is disastrous to the consumer, because it is bound to be 
followed by reduced production and higher prices. 
Secondly, that under such circumstances the stimulated 
industry again takes the lead, increases its production, 
forces down prices once more, and gets one step further 
on the road to monopoly. That is exactly what happened 
to sugar. Thirdly, it is a fact that the millions have never 
been deprived of cheap sugar , except when there happened 
to be a bad beetroot crop, which is a periodical occurrence. 
Then prices go up. The dumped sugar, in which the con- 
sumer revelled, has made him more and more dependent 
on the beetroot crop for his supply ; when that fails he has 
to pay the penalty. Then the war broke out, away went 
the whole of his dumped supply— and now, he is on 
rations. 

These are the conclusive answers to this profound 
economist. He should begin by trying to master the rudi- 
ments of his subject . — Journal of tht Royal Society 0/ 
Arts , lxvi., 474. 


The New British and “ Key ” Industries Exhibi- 
tion.— The Executive Committee of the Tariff Reform 
League decided last year to arrange a series of popular 
illustrated lectures on the so-called “ Key ” industries, the 
great national and imperial importance of which has been 
so clearly demonstrated during the war. It was speedily 
recognised, however, that an Exhibition would be of con- 
siderably more value than lectures, and accordingly the 
New British and 11 Key ” Industries Exhibition was 
organised at the Central Hall, S.W. 1. The catalogue of 
the Exhibition shows that a thoroughly representative 
collection of exhioits, sent by some of the most important 
firms in the country, has been brought together, and 
besides lists of these exhibits the catalogue contains short 
articles on some of the chief industries— coal-tar dyes, 
chemical glass, tungsten, and other metals, for example. 
The Tariff Reform League is also establishing a bureau 
of Key Industries in which information relating to them 
is being brought together and made available im educa- 
tional purposes. 
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PhOCtEDINGS OF SOCIETIES. ~~ 

INSTITUTE OF CHEMISTRY. 

At a meeting of the Council of the Institute of Chemistry 
held on Friday, October 25, the Registrar reported that he 
attended meetings for the formation of Local Sections ot 
the Institute held at Liverpool (September 12), Manchester 
(October 4), Gretna (October 21) Edinburgh (October 22), 
and Glasgow (October 23). 

At each meeting the objects of Local Sections were 
discussed, and the views of the members were obtained on 
a new scheme for the election of Council and on the Draft 
Rules for Sections. The views of the Sections on these 
matters will be submitted in due course to the General 
Purposes Committee. 

The Council also approved of proposals for the formation 
of Sections in Birmingham, South Wales, and in Ireland. 

Toe Registrar also reported that he had attended 
meetings in connection with the Officers 1 Resettlement 
Committee, Ministry of Labour, at which he bad promised 
that the Institute would do all it could to find appoint- 
ments for chemists who had served with the Forces, and 
suggested that other representative professional bodies 
would be prepared, similarly, to help their respective 
members and students. 

A letter was received from tbe Salters 1 Company for- 
warding a copy of the particulars of the new Research 
Institute, and expressing their thanks for the evidence 
given by tbe Registrar before their Committee. 

On the Report of the Nominations and Examinations 
Committee the Council elected 23 new Fellows and 88 new 
Associates, and admitted 14 new Students to the Register. 

Tbe Finance Committee reported that they had under 
consideration the need for raising the amount of the 
Annual Subscription in view of tbe increased general 
establishment expenses and the growing activities of tbe 
Institute. 

A sum of about £2500 is yet required to complete the 
Building Fund. 

The General Purposes Committee reported that they 
had considered tbe position of tbe Institute in connection 
with the proposals contained in the Whitley Report. A letter 
had been addressed to tbe Minister of Labour pointing out 
that, although modern productive industry depended so 
much on tbe work of chemists, engineers, and the like, 
such technical experts do not appear to have any place in 
tbe constitution of the Industrial Councils ; but in view 
of the fact that it was proposed that the Industrial 
Councils should deal with such subjects as technical 
education and training, industrial research, utilisation of 
inventions and improvements, and industrial experiments, 
the Minister of Labour had been asked- (a) Whether it 
was intended that qualified professional technical experts 
should be represented on the Industrial Councils, and (6) 
whether it was desired that the professional bodies repre- 
senting such men should be brought into consultation 
in any way in connection with the technical matters 
referred to. 

The Public Appointments Committee reported on the 
representations made to the Corporation of Birmingham 
with reference to tbe action of the Municipal Research 
Laboratory in sending out pamphlets and letters soliciting 
practice in competition with private chemical practitioners. 
The Council hoped that the differences which have arisen 
between the Research Laboratory and professional 
chemists in Birmingham might be satisfactorily and 
amicably adjosted, and have suggested that there should 
be no serious obstacle to such solution, since, on the one 
hand, it is admitted that there is room for a Municipal 
Laboratory, while, on the other, assurance had been given 
to the City Authorities that they have no desire to pre- 
judice tbe interests of professional chemists. 

The Publio Appointments Committee are also watching 
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the interests of professional chemist* in connection with 
the proposed Bill for the establishment of a Ministry of 
Health, and, having in view the greatly increased working 
costs of public analysts, they have expressed the opinion 
that such officers are fully justified in appealing for a re- 
consideration of their contracts. 

On tbe recommendation of tbe same Committee the 
Council have approved a statement on the necessity for a 
definitely organised Government Chemical Service, which 
will shortly be brought to the notice of all Government 
Departments concerned. 

Mr. Horatio Ballantyne, Vice-President, reported on the 
representations made to the Board of Trade by a deputa- 
tion from engineering and technical institutions with re- 
ference to the proposed Patents and Designs Bill, and on 
the evidence given by him on behalf of the Institute. It 
is understood that the views expressed by tbe deputation 
are under consideration by the Board, and that the pre- 
sentation of the Bill in Parliament has therefore been 
temporarily delayed. 

SOCIETY OF GLASS TECHNOLOGY. 

The first meeting of the 19x8-19 Session was held on 
Wednesday, October 23. in the University, Sheffield. Dr. 
M. W. Travers, F.R.S., presided over a well attended 
gathering, and in his opening remarks referred to the great 
loss the Glass Industry has suffered in tbe death ot Mr. 
A. S. Esslemont, C.B.E., Controller of Optical Munitions 
and Glassware Supply. He paid a tribute to the great work 
of Mr. Esslemont in stimulating the industry, and tbe 
Society unanimously resolved to forward an expression of 
sympathy to tbe family of Mr. Esslemont together with 
an appreciation of his great services. 

A report of tbe activities of the Society since the June 
meeting was given by Dr. Turner, tbe outstanding 
feature being the institution of a Refractories Research and 
Specifications Committee, charged with tbe drawing up of 
specifications for the various refractory materials used in 
tbe glass industry, and with the promotion of research 
upon the same subject. The Council of the Society 
appeals for the co-operation of every member in assisting 
the Refractories Committee in its arduous labours. To 
stimulate interest, the Council had decided to devote tbe 
first meeting of the Session to a discussion on refractories. 

The first paper, entitled M Rtf factory Afattrtals and the 
Glass Industry ,” was read by Prof. J. W. Cobb, B.Sc., 
F.I.C. He emphasised the fact that although tempera- 
tures in glass manufacture were by no means abnormally 
high, yet the nature of the chemical reactions taking place 
was such as to render the problem of refractories extremely 
difficult. There was tbe corrosive action of the molten 
glass upon tbe container to contend with, and in addition 
the corrosive action of hot dust upon flues and furnace 
interiors. The nature of the various refractory materials 
used in the glass industry was then dealt with, and the 
effect of grain size on the refractories and strength of 
silica bricks received thorough treatment. Special emphasis 
was laid upon tbe necessity for tbe smallest joints in 
building up o f refractory materials, and furnace building 
should be regarded rather from tbe standpoint of masonry 
than of bricklaying. Tite paper closed with a discussion 
of the evil effects on refractories of penetration of glass 
and batch materials, and the impottauce of thermal 
conductivity. 

Dr. M. W. Travers, D.Sc. F.R.S., then contributed a 
l4 iVo/# on the Firing of Glass Pots.” By means of a 
striking collection of specimens tbe author showed that 
tbe life of a glass pot was materially increased if, before 
filling in, tbe pot was completely “vitrified.” Ways and 
means of carrying this out were given, and tbe reason 
why vitrification before filling gave such good reiulta was 
fully discussed. 
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A third paper on “ The Requirements of Clay for Glass 
Pot Making ” was contributed by Mr. S. N. Jenkinson. 
A brief survey was made of the position of the Glass 
Refractories Trade both in 1914 and at the present time, 
and the necessity for some specification of materials was 
shown to be urgent. The proposed specification drawn 
up by the Refractories Committee for clay for pots was 
then dealt with and its various sections discussed. The 
question of size, nature, quality, and function of 11 Grog ” 
received full treatment. 

Mr. Coad Pryor read a short note on the “ Action of 
certain Types of 3 lass upon Pots ,” and discussed the 
reason for the quicker solution of the bottom of glass pots 
as opposed to the sides. Several interesting experiments 
were described dealing with this problem. 

Dr. Turner and Mr. J. H. Davidson contributed a 
short note on “ The Solubility of Pot Material in Glass” 
and showed the influence of grain size upon rate of 
melting. 

A full discussion followed the reading of the papers, in 
which Prof. Fearnsides, Mr. Hartley, Mr. Connolly, Mr. 
Teisen, Mr. Rees, Dr. Searle, and the authors of the 
papers took part. 

The November meeting or the Society wi 1 be held in 
Leeds. 

NOTICES OF BOOKS 

A Text-book of Inorganic Chemistry. Edited by J. Newton 

Friend, D Sc., Ph.D., F.I.C. Vol. V. Carbon and its 

Allies . By R. M. Caven, D.Sc. (Lond.), F.I.C. 

London: Charles Griffin and Co., Ltd. 1917* Pp. 

xxi + 468. Price 15s. net. 

The carbon group of elements is one of particular interest, 
both from the theoretical and practical points of view, an t 
the author of this volume had before him a very difficult 
task when he set out to prepare a complete account of 
the chemistry of the elements belonging to it. The diffi- 
culties of selection and arrangement and of condensation 
within moderate limits of the vast amount of material 
relating to the group which has been collected have been 
most successfully met, and for advanced students of in- 
organic chemistry the book will be found a very reliahle 
work of reference in which English and foreign literature 
is well summarised. After a scholarly and particularly 
interesting introduction to the group as a whole carbon 
and its most important compounds are discussed, in- 
cluding some of the hydrocarbons and a few substances 
such as urea, which for no very good reason are usually 
relegated to books on organic chemistry. A short account 
is given of the manufacture of coal-gas, and in every way 
the author has endeavoured to make bis treatment of the 
subject complete without sacrificing succinctness. Silicon 
is naturally given less space, but is equally well treated, 
the natural and artificial silicates in particular being very 
fully discussed. The detection and estimation of the 
elements by the most recent and satisfactory methods is 
in all cases very well described. In the case of tin and 
lead a condensed account is given of the metallurgy of the 
elements. The chapter on thorium gives a resume of the 
radio-activity of thorium, and the properties of the disin- 
tegration products are shown in a table. The book can 
be confidently recommended for the use of students and 
practical men, and in every way it will be found a satis- 
factory addition to the series to which it belongs. 


Royal Institution. — A General Meeting of the 
Members of the Royal Institution was held on the 4th inst., 
His Grace the Duke of Northumberland in the Chair. 
Special Thank* were returned to Mr. R. Pearce for his 
Donation of £100 to the Research Fund. It was an- 
nounced by the Secretary that the Christmas Course of 
Juvenile Lectures would be delivered by Prof. D’Arcy 
Thompson, the subject being “The Fish of the Sea.” 


MISCELLANEOUS. 


Royal Ins. tution. — The Ninety • third illustrated 
Christmas Comse of Juvenile Lectures, founded at the 
Royal Institution in 1826 by Michael Faraday, will be de- 
livered this year by Prof. D’Arcy Thomp>on, C.B., F.R.S., 
hi9 title being “ The Fish of the Sea.” The subjects are as 
follows:— Jelly fishes, Tueeaday, December 31 ; Star fishes, 
Thursday, Jaiu.ry 2; Cray-fishes, Saturday, January 4 ; 
Cuttle-fishes, Tuesday, Jauuary 7 ; The Herring-fishery, 
Thursday, January 9 ; Toe Whale-fishery, Saturday, 
Jannary 11. Tne lecture hour is 3 p.m. 

North London Medical And Chirurgical Society. — 
A clinical meeting of this Society was held at the Great 
Northern Cen.ral Hospital on Thursday, Nov. 14, at 8 p.m. 
The President. Surgeon General Arthur E. Edmunds, 
C.B., M.3., K.R.C.S. (a member of the Hospital’s 
Honorary Start), took the Chair, and Dr. Alexander 
Morison and Mr. Fred Stocker, F.R.C.S., presented 
medical and surgical matters for discussion. There was a 
considerable attendance of North London medical 
practitioners. 

Mineral Resources of Great Britain.— The Board of 
Agriculture and Fisheries desire to give notice of the pub- 
lication of the Seventh Volume of the Special Reports on 
the Mineral Resources of Great Britain (Lignites, Jets, 
Kimmeridge Oil-shale, Mineral Oil.Cannel Coals, Natural 
Gas), which have been prepared by the Director of the 
Geological Survey in response to numerous enquiries that 
have arisen through the conditions brought about by the 
War. This vo ume deals with the Lignites of Bovey 
Tracey, the explorations which have been made in them 
by Germans and others, and the uses to which they have 
been put. Other less important examples of lignite are 
enumerated, and an account is given of the uses and 
working of jet, the distribution and qualities of Kimmeridge 
oil-shale throughout the cou > try are described in detail. 
The principal kt.own occurrences of mineral oil are also 
dealt with. The existence of cannel coal, under its various 
names, is recorded for many coalfields, and an account is 
given of the prebence of natural gas in various formations, 
apart from coal measures. The volume deals with 
England and Wales. Copies (price 2s. 6d.) may be ob- 
tained through any bookseller, from Messrs. T. Fisher 
Unwin, Ltd., r, Adelphi Terrace, London, W.C. 1 (who 
are the sole wholesale agents to the trade cutside the 
County of London), or from the Director - General, 
Ordnarr.e Survey Office, Southampton. 

Journal of the American Ceramic Society. — The 
first issue of this monthly journal, devoted to the science 
and technique o the ceramic industries, has just appeared. 
The American Ceramic Society belongs to the older 
family of scienufic societies in the United States. The 
first meeting o ( the Society, which was in reality a little 
family gathering of a small group of ceramic enthusiasts, 
was held in Columbia, Ohio, in February, 1899, and from 
that meeting grew the present organisation, due largely to 
the guiding genius of Prof. Edward Orton, jun., of Ohio 
State University. The membership has increased from 
that early day until at present there are over 1000 enrolled 
in the Society. In the American Ceramic Society the term 
“ceramic” is synonymous with “silicate industries,” and 
the interests and activities of the Society include all 
branches of the clayware, glsss, and cement industries, as 
well as enamelled wares of all kinds, and in addition other 
closely allied products arc included, chief among which 
are abrasives, gypsum, and lime. Few people realise the 
gigantic impor.ance of these ceramic industries, The 
products of the thiee major divisions alone (clayware, 
glass, and cement) aggregate over 400,000,000 dols. per 
annum. In the earlier days the Society consisted of one 
main organisat ; on only. W r ith increased activities and 
enlargement in ‘ts scope of usefulness it became necessary 
to organise Loral Sections, of which there are now ten in 
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existence, and four Student Branches. The publication 
work of the Society has, up to the present time, been con- 
fined to the issuing of the annuul volume f Transactions. 
This has shown continuous growth from a very small be- 
ginning, and the 1917 volume comprise* 707 pages of 
well • edited contributions. The Amencan Ceramic | 
Society’s Transactions have for many ye us been known 
throughout the world as the standard reference books on 
the silicate industries. The remarkable gr wth in strength 
and influence of the Society has made it essential that 
periodical publication of the researches and other activities 
of the Society’s members be undertaken, and the monthly 
Journal of the American Ceramic Society is the logical 
result. The first number is a very attractively prepared 
journal of 72 pages. It is well edited and well printed on 
good paper. It contains, beside editorials and accounts 
of meetings of Local Sections, papers on •' Kaolin in 
Qaebec,” “ Special Pots for the Melting of Optical Glass,” 
“The Effect of Gravitation upon the Drying of Ceramic 
Ware,” &c. Membership of the Society is open to anyone 
interested in any branch of tht ceramic industries. All 
members receive the journal gratis ; to non members the 
subscription price is 6.00 dels, per year (12 issues) pay- 
able to the Secretary in advance. 

Alunite in Canada. —A deposite of alunite occurs on 
Kyuquot Sound on the west coast of Vancouver Island, 
British Columbia, Canada. The mineral is of the sodic 
variety known as natro-alunite. It is mixed with quart*, 
and a small amount of seriate and disaspore, the natro 
alunite forming from 20 to 45 per cent of the mixture. 
Pyrite is disseminated through portions of the rock. The 
pyrititcrous portions are bluish grey in colour, and are 
round cb»efly near sea-level or as small cores in reddish to 
white rocks, which occur above ground-water level. The 
deposit has an area of 4$ acres, and contains above sea- 
level about 600,000 tons/ Following are analyses of the 
rock, the first being the pink to white \ariety and the 
second being the bluish grey variety : — 

1. 2. 


SOi .. . . 

4882 

62 70 

alo 3 . . . . 

1908 

12 68 

Fei(>3 . . 

. . 0 07 

1*40 

FeSa . . 

. . — 

2 69 

MgO .. .. 

— 

0 05 

CaO . . . . 

. , — 

0 20 

Na a O .. .. 

2 74 

1 09 

K a O . . . . 

4 * 4 ° 

2*10 

H 2 0 .. .. 

700 

7 15 

S 0 3 .. .. 

.. 1732 

7*0 fj 

S 

057 

2 88 


100*00 

TOO OO 


Further information about the deposit can be obta ; ned 
from the Geological Survey, Ottawa, Canada. 

Quantitatixe Estimation of Acetic, Propionic, and 
Butyric Acids.— R. D. Crowell (Journ. Am. Chsm.Soc., 
1918, xl., 45 4). —The methods hitherto proposed for the 
separation of the acids of the acetic series have not 
afforded very satisfactory results; the solubilities of 
barium acetate, propionate, and butyrate in 97 per cent 
alcohol are too close to one another to permit of a separa- 
tion of the three acids by this means. The respective 
solubilities per 100 cc. were determined with the following 
results : —Acetate, o 0723 grm ; propionate, o 1631 grra. ; 
butyrate, 017 grm. The component* of • mixture of any 
two acids may be estimated from determinations of the 
total acidity and the dry weight of the salts, and this 
principle has been applied in conjunction with a method 
in which the mixture of the three acid* has been split up 
by selective solubility between an organic solvent and an 
aqueous salt solution. Out of various organic solvents 
stud ad, kerosene oil has been se’ected as the so.vcnt for 
the butyric and propionic acids, and a saturated aolution 
of calcium chloride with a little potassium chloride (20 
grins, per litre) at the solvent for the acetic acid. The 


error involved by imperfect salting out of the but) tic acid 
is determined and applied in the form of a correction 
factor. The accuracy of the method depends largely on 
the proper defecation of the tails. The barium salts, 
especially if much propioratc is present, are not satis- 
factory ; the best results are obtained with the sodium or 
potassium salts, weighed in squat-shaped weighing bottles 
(60 tnm. x 30 mm.) after heating for twelve hours at 200° C. 
The method of procedure is as follows : — An amount of 
the sample equivalent to about 7*5 grms. of acid is diluted 
or concentrated to 250 cc. ; this is the standard con- 
centration of working. Fifty cc. of the solution aie 
measured out into a precipitating jar, 2 5 cc. of 50 per cent 
sulphulic acid are added and sufficient solid silver sulphate 
to precipitate all the chlorides present. The mixture is 
stirred with an electric stirrer, and should show, on testing, 
an excess of silver. It is filtered, and 25 cc. of the filtrate 
are distilled with 20 cc. of 33 per cent phosphoric acid in 
the usual manner for total volatile acids. Distillation is 
carried on until the residue amounts to 20 cc., and repeated 
thre etimes with the addition of 20 cc. of carbon dioxide-free 
water each time. The distillate is titrated with N, 4 sodium 
hydroxide, and the neutral liquid is boiled down to about 
8 cc. and transferred to a tared weighing bottle in which 
it is evaporated to drynets on the steam-bath and then 
dried at 220 C. for twelve hours and weighed. The total 
acidity, expressed as sodium acetate, subtracted from the 
total salt weight, gives the weight of total CH 2 groups, 
which, multiplied by 4 2, gives the quantity per 100 cc. of 
the sample solution. Another portion of the standard 
sample (150 cc.) is treated as before for the removal of 
chlorides ; too cc. of the filtrate are distilled with 20 cc. of 
phosphoric acid, as before, for total volati ! e acids. The 
distillate is titrated with N/4-bariam hydroxide, and the 
solution is evaporated to a volume of 5-8 cc. The con- 
centrated liquid is then acidified with N/4 hydrochloric 
acid equivalent to the titration value. The acid liquid is 
transferred to a 300 cc. separating funnel, and the flask 
rinsed out with two portions of 25 cc. of the salting 
solution and two portions of 25 cc. each of filtered 
kerosene. On thorough shaking, the butyric acid, 
together with some of the propionic, enters the kerosene 
layer. The salt solution is drawn off, and the kerosene 
washed with a further 10 cc. of salt solution. The 
kerosene in the separating funnel is treated with 150 cc. 
of carbon dioxide-free water, and the whole it titrated wTh 
N/4 barium hydroxide with frequent shaking. At the 
neutral point the aqueous solution is drawn off into a 250 
cc. flask and diluted to the mark with washings of the 
kerosene. The whole solution is treated With 12*5 cc. of 
50 per cent sulphuric acid and 3 grms. of solid silver sul- 
phate, and 200 cc. are distilled with 40 cc. of phosphoric 
acid for volatile adids as before. The distillate, titrated 
with N/i-sodium hydroxide, is evaporated, and the sodium 
salts aie dried at 200 ' C. as before. The sodium pro- 
pionate equivalent of the titration value, subtracted from 
the salt weight, givts the we’ght of CH 2 groups present 
as butyric acid in the distillate. This value, calculated i n 
terms of 100 cc. of the standard sample, has to be corrected 
by a factor F determined bv the analysis of known mix- 
tures, the average value of F being 1*120. The corrected 
value for CH 2 groups due to butyric acid, subtracted from 
the total CH 2 groups found in the first operation, gives the 
CI1 2 groups due to propionic acid, and the acetic acid is 
found by the difference between the total volatile acidity 
and the combined butyric and propionic equivalent*. The 
method has been tested on mixtures of various proportions 
of the three acids, using the mean value for F given above, 
and affords useful results with an average error of 3*25 per 
cent . — The Analyst , May, 1918, xliii., No. 506. 

Prevention of Accidents in Workshops, Factories, 
Stc . — As a sequel to the Conference held in London in 
June last, at which it was decided to conduct throughout 
the country a campaign for the prevention gf industrial 
accidents, an influential organisation has been formed 
comprising representatives of the Admiralty, Board of 
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Trade, Home Office, Local Government Board, and the 
Ministry of Labour, of leaders of Industry and Labour. 
The title of the new body is the British Industrial “ Safety 
First" Association. Its first meeting was held at the 
Mansion House on October 31, when Lord Leverbulme 
occupied the Chair and was elected President. The Vice- 
Presidents include the Presidents of the Local Govern- 
ment Board and the Board of Trade, the Ministers of 
Labour and of Food, the Under-Secretary of State for the 
Home Department, Lord Aberconway, Rt. Hon. T. 
Richards, M.P. (South Wales Miners’ Federation), Mr. 
W. A. Appleton (General Federation of Trades Unions), 
Lt.-Col. G. Harland Bowden, M.P., Sir Vincent Caillard 
(Vickers’, Ltd.), Mr. C. T. Cramp (President, National 
Union of Railwaymen), Sir Kenneth Crossley (Crossley 
Bros., Ltd.), Mr. R. Dennison (Iron and Steel Trades’ 
Confederation), Mr. C. Duncan, M.P. (Workers’ Union), 
Sir John Jackson, Mr. W. Joynson-Hicks, M.P., Mr. E. 
Manville (President, Association of Chambers of Com- 
merce of the Uuited Kingdom), Major-General the Hon. 
Sir Newton Moore, K.C.M.G., M.P., Sir Hallewell 
Rogers, G.B.E. (Chairman, Birmingham Small Aims Co., 
Ltd.), Mr. H. B. Underdown (President, Association of 
British Motor and Allied Manufacturers, Ltd.), and Mr. 
Robert Young (General Secretary, Amalgamated Society 
of Engineers). The Hon. Treasurer is Sir R. V. Vassar- 
Smith, Bart., D.L. Briefly stated, the policy of the 
Association is the formation in every industry of a 
“ Safety First’’ Committee comprising representatives of 
Employers and Employees, and of Committees in the 
leading firms, to investigate the causes of accidents peculiar 
to the particular industry, and to discover and apply 
effective measures and safeguards to prevent the recur- 
rence of similar accidents. As numerous avoidable 
accidents are due to carelessness, and thoughtlessness on 
the part of the employees, a comprehensive educational 
campaign is proposed to be conducted from Headquarters, 
and members of the Association will receive regular 
supplies of posters and literature designed to point out the 
known causes of avoidable injuries. A Home Office 
pamphlet recently issued states: — “In 1914,969 persons 
were killed and 147,045 persons were injured by accidents 
in the factories and workshops of this country. If to 
these figures were added the accidents in mines, quarries, 
buildings and other constructional work, and railways the 
total would be much more than doubled. These figures 
represent an enormous loss to the nation, to the industries, 
and to the workers themselves. It is of the first importance 
to the country, both during the war and also during the 
period of reconstruction after the war, that this great 
cause of waste and loss of efficiency in our industrial 
organisation should be as far as possible removed.’’ It is 
contended that the maximum success in the alleviation of 
the suffering and sorrow which industrial accidents entail, 
as well as the saving, and the utilisation for better purposes, 
of the huge sums of money which would otherwise be paid 
as compensation, or represent losses 0 1 workers’ wages, 
would be achieved at the minimum cost of industry and 
labour combined to co-operate with the Association in the 
prosecution of the industrial “Safety First’’ campaign. 
Applications for membership of the British Industrial 
“ Safety First ” Association should be addresed to the 
Hon. Secretary, pro. tern., Mr. H. E. Blain, at the tem- 
porary offices of the Association, 31, Westminster Broad- 
way, London, S.W. 1. 
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f^hemist, B.Sc., London (Hons, in Chemistry, 

^ seeks Research appointment with large manufacturing firm. — 
Address, G L , Chhmical Nkws Office 16, Newcastle Street, Far- 
ringdon Street, London. E.C. 4. 

r^hemist (Hons. B.Sc. Chemistry), with 

Technical Analytical and Research experience, requires Post.— 
Address, S., Chemical News Office, 16, Newcastle Street, Farringdon 
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pHEMICAL ASSISTANT.— Well qualified 
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Limehouse. State salary and give references.— Address, “ Limehouse,” 
Chemical News Office, 16, Newcastle Street, Farringdon Street, 
London, E.C. 4. 

IV/T etallographist required for -"Steel Works. 
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castle Street, Farringdon Street, London, E.C 4. 
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SPECIAL NOTICE TO SUBSCRIBERS. 

The recent paper restrictions have compelled us 
o publish only fortnightly instead of weekly for a 
time, but we are now glad to be able to announce 
that we are to be allowed a further supply of paper, 
which will enable us to revert to weekly publication 
in the near future. 

Beginning with No. 3064, to be published on January 
3, 1919, the Chemical News will again appear weekly, 

and the dates of expiration of subscriptions will be 
adjusted accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their subscription 
periods. The price will remain unaltered, viz., £1 
for fifty-two numbers, or pro rata . 


DOG-FISH LIVER OIL. 

By A. CHASTON CHAPMAN, F.I.C. 

In connection with a tehnical inquiry on which I am 
engaged it has been necessary to submit the liver oil of the 
dog-fish to a chemical examination, and as very few 
references to this oil occur in chemical literature, 1 have 
thought that it might be of interest to place some of my 
results on record. 

The common dog-fish (Squalus acan thias) — sometimes 
less correctly designated Acanthiai vulgaris— occurs in 
very large numbers off various parts of our coast at certain 
periods oj the year. It is readily distinguished from other 
species by the sharp spines (triangular in section) which 
occur in front of each dorsal fin, the one before the second 
dorsal being longer and more conspicuous than the other. 
It is owing to these spines that the dog-fish is frequently 
known as the 14 spur ” or “ piked ” dog-fish. 

The dog-fish is viviparous, the mature female producing 
each season about ten young, each from 9 to 10 inches in 
length. It is usually found near the coasts during the 
warmer months, and during the winter it retires into deeper 
water. The dog fish varies somewhat considerably in 
size, occasionally attaining a length of about 4 feet. In 
weight it varies from 3 to 8 or 10 pounds. 

For the purpose of my inquiry a considerable number of 
the fresh livers were submitted to me, and also two of the 
freshly caught fish. One of tbe«e weighed about 
3 pounds and the other nearly 6 pounds, the liver of the 
former weighing 4 j ounces and that of the latter 6 ounces. 
The largest liver which came into my hands weighed 
7 ounces. When the fresh livers were finely minced and 
steamed, a quantity of oil corresponding with from 40 
to 50 per cent of the weight of the livers was obtained, 
consisting of a pale yellow oil having a slight fishy but not 
unpleasant odour. When cooled down to about io° C. 
it became semi-solidt owing to the separation of a crystal- 
line substance, but regained its transparency on warming. 

The following results obtained by Thomson and Dunlop 
ere quoted by Lewkowitsch (“ Chemical Technology and 
Analysis of OUs, Fats, and Waxes,” ii., 370) 


Specific gravity 0*9179 

Saponification value 169 7 

Iodine value 126 4 

Butyro-refracto meter rotation— 

At *5° C 7 1 -a 

At 4°° C 62*5 

Unsaponifiable matters .. .. 8*4 per cent 

Specific rotatory power (0)3. . . . — 1*67 


Two specimens of oil prepared in my laboratory from 
different batches of liver gave on examination the fol- 
lowing results : — 


Specific gravity (i5°/i5° 

C.) 

Saponification value . . 
Iodine value (Wijs) .. 
Free fatty acids (as oleic 
acid) . . . . . . . . 

Unsaponifiable matters . 
Refractive index at 20° 


-No. 1.” 


09175 

1610 

I2 3*3 

0*33 per cent 
3 a '94 


•'No. e. H 

0*9186 

i68‘3 

123*0 

0*42 per cent 
9*48 


C. 

Brominated glycerides 
insoluble in ether . • 
Optical activity (100 mm. 
tube, sodium light) . . 


I *4755° 1-4749° 

19*25 P*r cent 24*95 P*r cent 
- -*-45° 


Both the above samples of oil had been cooled to 
7 io° C. for a considerable time and filtered through fine 
linen, in order to remove the crystalline matter which 
separated. This was found to contain only 7*3 per cent 
of unsaponifiable matters, so that it evidently consisted 
chiefly of glycerides. 

It will be seen that the results for the 44 No. 2 n oil 
agree very closely with those obtained by Thomson and 
Dunlop. The percentage of unsaponifiable matters in the 
11 No. z ** oil is, however, very much higher, and assuming, 
as I have every reason to believe, tbit all the livers sub- 
mitted to me were from the spur dog fish, it would appear 
to indicate that the percentage of unsaponifiable matter 
in this oil is subject to wide variations. At the present 
moment the precise physiological relationship between 
unsaponifiable matters and glycetides in the livers of fish 
is not known ; but as these two classes of compounds 
must be in a constant state of change, and are doubtless 
dependent on the age and condition of the individual fish, 
such differences are only what one might expect to find. 

I am taking steps to obtain a sufficient quantity of tbs 
unsaponifiable matter of this liver oil, and hope to be able 
to submit it to a thorough examination, chiefly with the 
object of ascertaining whether it contains the hydro- 
carbon 11 spinacene,” which I have shown to be present in 
the liver oils of certain fish belonging to the same natural 
family. Obviously, however, it cannot contain much. 

These two samples gave the following colour 
reactions : — 


One drop of a mixture of x 
volume of oil with x 
volume of carbon disul- 
phide waa introduced into 
concentrated sulphuric 
acid. 

One drop of strong sul- 
phuric acid was added to 
a solution of x drop of 
the oil in 1 cc. of chloro- 
form. 

Two cc. of a solution of 
sodium phospho - molyb- 
date acidified with nitric 
acid were added to a solu- 
tion of x cc. of the oil in 
5 cc. of chloroform. 

Ammonia was added to the 
preceding solution. 


Deep violet, rapidly turning 
brown. 


Pale blue, becoming deep 
reddish violet on stirring, 
then gradually fgding to 
reddish brown. 

The chloroform layer ac- 
quired a pale green colour. 


The green colour becMf 
bluish violet. 
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Three drops of faming nitric Purple, changing on stirring 
acid were cautiously added to dark reddish brown, 
to about 10 drops of the oil. 

— Thi Analyst. 


A SIMPLE AND EFFICIENT CONDENSER. 

By R. HOWDEN, B.Sc. 

The accompanying sketch represents a condensing ar- 
rangement which can easily be constructed by anyone 
from ordinary laboratory materials, a is a tube closed at 
one end, x inch in diameter and 8 or 9 inches in length. 
It is fitted with a stopper, f, into which are inserted the 
narrow tubes b and d, and is immersed in a jar, o, of cold 



A, Condensing Chamber ; n, Delivery Tube ; c, Receiver ; 

D, Connection with Distilling Flask ; o, Jar for cooling 
water ; h h', Condensed Liquid ; k k', Condensing Water 
Supply and Discharge. 

water. The tube d is connected with the distilling flask 
by an air-tight joint, b reaches nearly to the bottom of 
A, and connects with the receiver c. A stream of cold 
water is kept running as shown into o, and when it 
reaches the top of the jar it siphons over by the bent 
tube K without joverfiowiog the lip of the jar. 


As soon as a small quantity of liquid condenses at h the 
condensing chamber is sealed by it, and it is impossible 
for the smallest quantity of vapour to escape condensation. 
The pressure in a forces the liquid by the tube b into the 
receiver c, which is open to the atmosphere only by the 
small-bore tube e in order to minimise loss of volatile 
liquid by evaporation. 

This arrangement has been proved very efficient in the 
distillation of ether residues. 


GAS BUBBLER FOR GAS ANALYSIS. 

By O. D. BURKE. 

In estimating sulphur dioxide in gases the general method 
is to pass the gases containing SOa to be estimated 
through a solution of either N/10 iodine or N/100 iodine. 
The apparatus employed being a flask or bottle connected 
to an aspirating bottle containing water, the displace- 
ment of which is the measure of the gas passed through 
the apparatus. 

The bottle containing the iodine solution is fitted with 
a narrow glass tube dipping into the iodine solution, or 
else a tube blown out at end to a globular shape and 
perforated with fine pin holes, which tend to break up the 
gas stream into small bubbles. 

This method has serious drawbacks, especially in the 



hands of careless juniors, where gases which are to be 
estimated are under pressure. The chief cause of trouble 
is the tendency to tush the gas through the iodine solution 
too quickly for the interaction between the SO a and iodine 
to be complete, with consequent erroneous results. A varia- 
tion of as much as 1 per cent can be made quite easily by 
careless manipulation by two different juniors. To over- 
come this difficulty I bad a bubbler made (see sketch). 

A narrow glass tube is drawn out at one end into a very 
fine capillary, which is ground level at the point or end. 
Another glass limb is fused on to the straight limb, and 
extends downwards to just beneath capillary, where it is 
flattened out and the top surface ground. The capillary 
is made to fit tight on the flat ground surface of the 
second limb. 

In this way the gas passing through the capillary tube is 
broken up into very fine bubbles no larger than a pin point ; 
also the space is so restricted for the passage of the 
gas that no rushing through can take place, and the time 
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interval for the passage of a certain volume of gas is 
Identical in all cases ; thereby with just ordinary care 
ensuring extreme accuracy. 


ARSENITE TITRATIONS OF PERMANGANATE 
SOLUTIONS. 

By ALOKB BOSE, Ansoc.Iost.M.M. (Load.). 

When steel is dissolved in dilute nitric acid, and then 
boiled with the usual quantities of silver nitrate and am- 
monium persulphate, and the permanganic acid thus 
formed titrated with a standard solution of sodium arsenite 
or arsenious acid, it is found the quantity of sodium 
arsenite or arsenious acid required to titrate the per- 
manganic acid is just about two-thirds of that required 
theoretically. In other words, the factor obtained for 
manganese in practice is about one and a-half times as 
much as the theoretical factor. 

The present author came across the above curious 
chemical phenomenon about three years ago, and though 
numerous experiments were carried out no explanation 
could be found, and so the above facts with some figures 
obtained were communicated to Mr. F. Ibbotson, of 
Sheffield, on June 15, 1917. Postal communication 
between India and England is uncertain in these times, 
and it is quite possible the letter did not reach its destina- 
tion. Anyhow, no reply came, but an extract of a paper 
on the subject in the Chemical News by Mr. Ibbotson 
appeared in the Journal of Iht Society of Chemical In - 
dustry on May 31, 1918. With some difficulty a copy of 
the paper in the Chemical News (19x8, cxvii., 157) was 
obtained by the present author. 

It has been remark edjin that paper thst the phenomenon 
above referred to was not generally known, but no serious 
attempt has been made to explain the cause of it. 

There are three points that have been particularly noted 
by the present author, and they will be discussed in due 
course. 

1. 11 The fact, however, that when sodium arsenite is 
used in the titration of permanganic acid containing free 
nitric acid the ‘ oxygen exchange ’ is not quantitatively 
expressible by — 

2Mna0 7 + 5Asa0 3 4MnO + 5As 2 0 5 , &C.” 

2. 11 From these results it appears that solutions of 

sodium arsenite have a reducing value approximately 
33 per cent in excess of the true value, when added to 
solutions of permanganate acidified with nitric acid. This 
result is obviously due to the formation of manganic 
compounds, . . .” 

3. 14 The constancy of the ratio of the volume of per- 
manganate to that of arsenite in the second series points to 
the existence in the solution of a definite compound.” 

With regard to the first point it might be pointed out 
that all the errors of the method the present author can 
think of tend to be in the direction opposite to that found 
In practice: — 

(a) During the sodium arsenite titration the colour of 
the permanganate comes back, 

(b) If the free nitric acid in the permanganate solution 
at all oxidises the arsenite solution. 

According to either of the above more arsenite will be 
required in practice than that required theoretically. 

It was the second point, s.#., less arsenite being required 
in practice, that was noticed by the present author, and aa 
no explanation could be found it was communicated to 
Mr. Ibbotson. 

With regard to the third point, it is not stated whether 
the 14 definite compound ” exists in the arsenite solution or 
In the permanganate. 

All these points will be discussed more thoroughly after 
some of the results obtained by the present author are 
given. 


I. (a) When steel is dissolved in ammonium persulphate 
and water only a clear pink solution is not obtained even 
when 10 grms. of the persulphate is used for 0*2 grm. 
of steel. 

(6) If now xo cc. of 5E nitric (made by adding 690 cc. 
H 2 0 to 310 cc. strong nitric) be added to the above 
solution a clear green eolation ia obtained. If then 5 cc. 
of silver nitrate (8*5 grms. in 2 litres) be added and boiled 
a clear pink solution of normal depth of colour is obtained ; 
i.t.y it takes the usual quantity of arsenits to titrate (0*33 
grm. As 4 06+NaaC03, 2 grms., boiled with H *0 and 
made up to 1 litre). 

. II. When o-2 grm. steel (0 65 per cent Mn) is dissolved 
in 6 to 8 grms. of ammonium persulphate, water, and 5 cc. 
silver nitrate, a clear pink solution of normal depth of 
colour is obtained. 

III. (a) When 0*2 grm. of steel is dissolved in 10 cc. 
5E nitric, and then ammonium persulphate (4 to 15 grms.) 
be added and boiled, no pink coloration is obtained. It 
now the usual quantities of silver nitrate and ammonium 
persulphate be added and boiled, pink colour to the normtl 
extent is produced. 

III. (6) If 0*2 grm. of steel is dissolved in xo c C. of 5E 

nitric, and then boiled with 5 cc. AgNOtf and about 
4 grms. ammonium persulphate, after dilation (the usual 
method) normal pink colour is produced. This can be 
discharged by adding an excess of 5E nitric to the boiling 
solution, but the colour again returns to its normal extent 
on standing. > 

IV. When 0*2 grm. of steel was dissolved in xo ce. 5E 
nitric, with varying quantities of silver nitrate (from 5 cc. 
to 20 cc.) and 4 grms. ammonium persulphate, pink colohr 
to the normal extent was produced in each case. 

V. When 0*2 grm. of steel was dissolved in xo cc. $E 
nitric, and then boiled with the usual quantities of silvfcr 
nitrate and ammonium persulphate, and the normal colour 
thus produced titrated with standard solutions of ferrops 
ammonium sulphite and permanganate (as by the 
bismutbate method), after dilution o 66 per cent Mn was 
found in a o 65 per cent steel. This should show that ill 
the manganese is oxidised to the condition of permanganic 
acid. 

VI. A standard solution of potassium permanganate 
was prepared so that 12 cc. of it was equal to o*66 


per cent Mn. 

.*. 2*4 cc. of it — 0*66 per cent Mn (when calculation is 
made as on 0*2 grm.). 

VI. (<i) Took 01 grm. steel (->0*325 per cent Mn), irtd 
i*2 cc. KMn 0 4 nolution (-0*33 per cent Mn) with xo cc. 
5E nitric, 5 cc. AgN 0 3 , ammonium persulphate, Ac. 

(b) Took 2*4 cc. KMn 0 4 (-0*66 per cent Mn) and the 
usual quantities of 5E nitric, AgN 0 3 . persulphate, Ac. 

In each case pink colour to the normal extent was 
produced. 

The quantities of steel and KMn 0 4 were then made to 
vary, but invariably the same factor was obtained. 

(c) If xo cc. 5E nitric, 5 cc. AgN 0 3 , and about 4 grms. 
persulphate be boiled with H 2 0 till clear, a drop 6f 
KMn 0 4 (N/20) produces s pink colour. 

VII. A standard solution of H 3 As 0 3 was prepared (0*33 
grm. per litre). 

This solution was tested against iodine and found to be 
of same strength as N/150. 

A normal solution of HMn 0 4 ■> xi Mn/litre. 

„ yt .. H 3 As 0 3 - 49*48 As 4 06 /litrc. 

.*. 49*48 As 4 0 fl ■» 11 Mn. 

.*. o*3i A? 4 C>6 (- 1000 cc ) » 0 073 Mn. 

.*. 1 cc. — o 000073 Mn — 0*0073 cent Mn (on unit 
weight). 

.*. x cc. — 0*000073 Mn a 0*036 per cent Mn (calculated 


on 0*2 grm.). 

In practice 1 cc. H 3 As 0 3 - 0 034 per cent Mn (on o*a 
grm.), (see VIII.) ; the factor in practice is one and 
a-half times the theoretical factor. 

The A? 4 C>6 solution (theoretically and against iodine) - 
N/150.) 


Digitized by AjOOQle 




Notes on Isotopic Lead. 


j Chemical NswS, 
i Dec. 6, xgi8 


37o 


Bat against permanganate — 

za cc. As 4 06 eolation - 2*4 cc. KMn 0 4 . 

1 CC. it »t = 0*2 it it 


Bat KMn 0 4 - N/ao. 

As 4 0 6 eolation — N/100 (whereas against iodine and 
theoretically - N/150). 

VIII. Take 0 2 grm. steel (0*65 per cent Mn) in zo co. 
5B1 and usual quantities of AgN 0 3> persulphate, &c. 
rink colour te the normal extent thus produced was 
titrated with standard H 3 As 0 3 solution. (Factor - 0*054) . 

IX. Take 0*2 grm. steel in dilute HaS0 4 , add AgN 0 3 , 
persulphate, &c. Normal pink colour was produced. 

X. Take z grm. steel and treat as for bismatbate 
method, make op to 250 cc., and then take 50 cc. (—0*2 
grm.), and titrate with sodium arsenite. Normal pink 
colour was produced. 

XI. If a solution that has been treated as for persul- 
phate method be allowed to stand long enough after 
titration, so long as there is a sufficient excess of persul- 
phate, pink colour to the normal extent returns, and may 
again be titrated and the same figures obtained. 

It will be seen from the above experiments that the 
different elements used in the persulphate method were 
eliminated so as to find the interfering element, if any. 
But none was found. Some of the factors were found to 
be slightly above and some slightly below 0*054, but noi\p 
of them in any way approached the theoretical figure 
0036. 

We shall now return to the discussion of the paper by 
Mr. Ibbotson as sketched out in the beginning of this 


paper. 

In z and 2 special mention has been made of perman- 
ganate solution in "free ” nitric acid, as if that acid were 
in any way responsible. 

The nitric acid theory was advanced to the present 
author by Dr. P. C. Ray, of the University College of 
Science, Calcutta, as early as April, zgi7,but Experiments 
r II. and IX. should clearly show that that acid cannot be 
responsible. 

If nitric acid does have any action, then sulphuric acid, 
or ammonium persulphate plus silver nitrate, must have a 
similar action and to the same extent. In that case the 
, action must either be a reducing one on permanganic 
acid, and hence make the latter use less sodium arsenite 
than is theoretically required, or it must have a reducing 
action on the sodium arsenite (somewhat similar to that 
' of H a Oa on permanganate). 

Neither of the above explanations can hold good. 

If HN 0 3 reduces a part of the permanganate then (1) it 
is not possible to titrate the full amount by ferrous am- 
monium sulphate (see V.) ; a permanent pink colour would 
probably not be produced with traces of permanganate 
—see VI. (c) ; (3) titration in solutions where no 
. HN 0 3 is used should give factors approaching the 
theoretical. 

If HN 0 3 has a reducing action on the sodium arsenite, 
which in itself is very difficult to conceive, then when no 
HNO3 is the theoretical factor should be obtained, or 
when varying quantities of HN 0 3 be used (see III. b) 
different factors should be obtained. 

The above should clear the first point that the " free ” 
nitric cannot be responsible for a higher factor in practice. 

With regard to the second point, Mr. Ibbotson says 
that the result is obviously due to the formation of man- 
ganic compounds. But what these compounds are and 
whether they are formed during the oxidation or titration 
Is not clearly stated. 

If daring the oxidation, then these compounds must be 
in a lower state of oxidation than HMn 0 4 , and also the 
same compounds are formed during the bismuthate oxida- 
tion, as in both cases the same figures are obtained (see 
X.). This is not possible. If during the titration, then 
the manganio compound would come down and render 
the solution turbid, and a second titration as in Experi- 
ment XI. would not be possible. 1 


(N.B. — If a solution with HN 0 3 be over-boiled in the 
first instance a precipitate— probably of manganic oxide — 
comes down, and is not cleared even when boiled with 
AgN 0 3 and persulphate). 

As for the third point, if the “ definite compound ” exists 
in the sodium arsenite then it also exists in the arsenious 
acid solution. This is not possible, as pure arsenious acid 
cannot contain any other compound. 

On the other hand, if the “ definite compound ” exists 
in the permanganate then it means that only a part of the 
manganese is oxidised to the condition of HMn 0 4 . This 
also, as pointed out above, is not possible. If it is pos- 
sible then all the formulae for the bismuthate as well as for 
the persulphate methods want overhauling. 

Some other explanation must be given. It is quite 
possible that some complicated reactions take place during 
the titration, as up to that point it is quite clear from 
ferrous ammonium sulphate titrations that all the man- 
ganese is in the condition of permanganic acid, and the 
experiments without the nitric acid should show that that 
acid cannot in any way be responsible for the higher 
factor obtained in practice. 

The Government Laboratory, 

Sakchi, via Kalimati, B.N. Rly., India, 1 

August 29, 1918. 


NOTES ON ISOTOPIC LEAD. 

By FRANK WIGGLESWORTH CLARKE, 
United States Geological Survey, Washington. 


One of the most remarkable discoveries in the field of 
radioactivity has been the fact that the elements of highest 
atomic weight, uranium, and thorium, are unstable, and 
undergo slow transformations into oth;r substances, 
especially into helium and lead. The lead thus produced 
is identical with normal lead in its spectrum and its dis- 
tinctively chemical properties, but different in its atomic 
weight ; and this difference, which is thoroughly 
established, is of peculiar significance. The purest lead 
from uranium minerals has an atomic weight fully a unit 
lower than that of ordinary lead, while that from thorium 
minerals is nearly a unit higher. These are the extreme 
differences, so far as the present evidence goes ; but the 
actual determinations of the atomic weights of these 
isotopes of lead show wide variations due to differences 
between the minerals from which the lead was obtained. 
Furthermore, these isotopes differ from ordinary lead in 
specific gravity ; one being lighter and the other heavier 
than ordinary lead, these differences being proportions! 
to the variations in atomic weight. Consequently the 
three kinds of lead have the same atomic volume, and 
occupy the same place in the periodic classification of the 
chemical elements. 

Ordinary or normal lead differs from isotopic lead in one 
important respect, namely, its atomic weight is constant, 
and the actual determinations vary only within the limits 
of experimental uncertainty. This constancy was esta- 
blished by Baxter and Grover (y. Am, Chem. Soc ., 1915, 
xxxvii., 1027), who studied lead from a number of distinct 
sources. Their material was derived from fcur mineral 
species, galena, cerussite, vanadinite, and wulfenite, and 
also from commercial lead nitrate. Furthermore, the 
minerals examined came from seven widely separated 
localities; two from Germany, and one each from Australia, 
Missouri, Idaho, Washington, and Arizona. The lead in 
each case was carefully purified, and converted into 
chloride, with which the determinations of atomic weight 
were made. The method of determination was the 
standard method long in use at Harvard, and based upon 
large experience and the most thorough technique. The 
values found for the atomic weight are shown in the 
following table : — 
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Source. Atomic weight of lead. 

Commercial nitrate 207*22 

Cerussite, New South Wales.* .. .. 207*22 

Cerastite, Eifel Mountains, Germany .. 207 20 

Galena, Joplin, Missouri 207*22 

Cerussite, Wallace, Idaho 207*21 

Galena, Nassau, Germany 207 21 

Vanadinite and wulfenite, Arizona .. 207*21 
Galena, Metalline Palls, Washington .. 207 21 

A series of analyses of lead bromide gave values practi- 
cally identical with these. 

This evidence as to constancy of atomic weight is con- 
clusive, but it has also been confirmed by three investiga- 
tions by Richards and his colleagues in this country, and 
by Honigscbmid in Vienna. These later determinations 
were made as checks upon determinations of the atomic 
weight of isotopic lead derived from uranium minerals. 

In 1914 Richards and Lembert (y. Am. Cktm, Soc. t 
1914, xxxvi., 1329) published their determinations of the 
atomic weight of isotopic lead. Their results may be 
summarised as follows : — 


Source. 

Lead from Ceylonese tborunite . . 
Lead from English pitchblende 
Lead from Colorado carnotite 
Lead from Boheixian pitchblende. . 
Lead from North Carolina uraninite 


Atomic weight. 
.. 206*82 

. . 206*86 

.. 20659 

. . 206 57 

.. 206-40 


Two years later another series of determinations by 
Richards and Wadsworth appeared (J. Am, Cham. Soc. t 
1916, xxxviii., 2613). The average results obtained 
were as follows 


Source. Atomic weight. 

Australian carnotite 206*374 

Colorado carnotite 207*004 

Broggerite, Norway 206*122 

Cleveite, Norway 206 085 


Still another series of six determinations by Richards 
and Hall (y. Am. Chtm. Soc., 1917, xxxix., 531) on lead 
from Australian carnotite gave a mean value for the atomic 
weight of Pb — 206*415. 

In a preliminary study of lead from Bohemian pitch- 
blende, Honigscbmid (Ztit. Elektrochem ., 1914, xx., 
457) found values for the atomic weight ranging from 
206*719 to 206*749. In a later investigafion by Honig- 
schmid and Horovitz ( Monatsh . Chtm., 1915, xxxvi., 355), 
lead was extracted from three different minerals, namely, 
the purest Joachimsthal pitchblende, a crystallised 
uranium ore from Morogoro, German (?) East Africa, and 
broggerite from Norway. The average values for the 
atomic weight were as follows : — 

Source. Atomic weight. 

Pitchblende 206*406 

The Morogoro ore 206 042 

Brdggerite 206*067 

All of these determinations of atomic weight, including 
those of Baxter and Grover on normal lead, were made by 
the same method, the same care as to purity of materials, 
and the same refinements of technique. Even Honig- 
achrnid, now in Vienna, has worked on atomic weight de- 
terminations with Richards, and so was familiar with the 
best procedure. The results obtained are therefore strictly 
comparable. 

For tbe atomic weight of thorium lead the data as yet 
are scanty, and based entirely upon material derived from 
Ceylonese thorite and thorianite. From the specific 
gravity of thorite lead Soddy (Nature, 1915, x:iv., 615) 
has deduced tbe atomic weight of Po — 207*64 ; and 
Honigscbmid (Chtm. Abst ., 1917, xi., 3173 ; from Physik. 
Ztit., 1917, xviii., 1 14) from analyses of lead chloride pre- 
pared from Soddy’s original material baa found 


Pb — 20^*77. This value, however, is probably too low 
for the true thorium lead, for the reason that thorite, with 
a preponderant proportion of thoria, also contains some 
uranium. The thorite lead, therefore, must contain both 
isotopes, but with the higher one in much the largest 
quantity. Tfte thorianite lead studied by Richards and 
Lembert had a still lower atomic weight, namely, 
Po - 206 82, which shows that this variety of the metal 
is not of uniform character. 

That the atomic weight of uranium lead is extremely 
variable has already been shown. In order to interpret 
this variability its sources must be studied both geologi- 
cally and mineralogically. On the geologic side of toe 
question the uranium ore can be divided into three 
principal classes, which are sharply distinct. Tbe 
definitely crystallised varieties of uraninite occur in coarae 
pegmatites, associated with felspar, quartz, mica, beryl, 
and other minor accessories. Tbe massive pitchblende is 
found in metalliferous veins, together with sulphide ores 
of copper, lead, iron, zinc, and so forth. As for carnotite, 
that is a secondary mineral, found commonly aa an 
incrustation on sandstone, and often also upon fossil wood. 
There may be other modes of occurrence, but these are 
the most distinctive. 

In chemical composition the uraninites, as shown by 
HiUebrand’s splendid series of twenty-one analyses, fall 
into well defined groups ( Washington , U.S . Gtol. Survty , 
Bulls. 78 and 90; also in Bull. 591, p. 366; Hille- 
brand discusses the mode of occurrence of these minerals, 
much as I have done). All contaio uranium oxides, 
ranging from 65 to 90 per cent, tbe low figures, however, 
representing altered material. The crystallised, peg- 
matitic uraninites are characterised by their content in 
thoria and other rare earths, from 6 or 7 up to as much as 
11 per cent. They also contain subordinate proportions 
of lead and the largest amount of helium. In brdggerite 
and cleveite, however, lead is in excess of thoria. The 
massive pitchblendes, on tbe other hand, contain no 
thoria, usually much lead, and little or no helium. That 
from Black Hawk, Colorado, is exceptional. It is 
intimately associated with sulphide ores, but contains 
little lead, and zirconia instead of thoria. Carnotite, 
which is quite unlike uraninite, is essentially a vanadate 
of uranium and potassium, with very little lead and no 
helium. It is, however, an important source of radium. 

It is now possible to correlate, at least roughly, tbe 
competition of the several minerals with the determina- 
tions of the atomic weight of uranium lead, although for 
a perfect comparison we should have analyses of the 
actual ores from which the various samples of lead were 
obtained. On theoretical grounds it is supposed that the 
true atomic weight of uranium lead is not far from 206, 
and only determinations which approach that value are 
those which represent crystallised uraninite, including tbe 
varieties broggerite and cleveite. These minerals all con- 
tain helium, so that there seems to be a relation between 
the formation of these two degradation products of 
uranium. The minerals also contain thorium, which 
would tend to raise the atomic weight and so complicate 
any discussion of tbe figures. The most brilliantly 
crystallised uraninite, that from Branchville, Connecticut, 
contains 85 per cent of UOj+UOa, with about 7 per 
cent of TnOi, 4 35 per cent of PoO, and a maximum, 
0 4 per cent of helium. The atomic weight of lead from 
that source, unfortunately, has not been determined ; and 
it is doubtful whether material enough for accurate investi- 
gation could be obtained. 

Tbe other determinations of the atomic weight of 
uranium lead give values much above 206, and even 
approaching 207. This is especially true of the lead from 
pitchblende, which contains no thorium and little if any 
helium. Its association with sulphido ores, however, 
leads to the suspicion that it may contain ordinary lead, 
perhaps in the form of occluded or dissolved galena. Tbe 
atomic weight of the lead derived from it would, there- 
fore, be that of a mixture, and not of the isotope alooe. 
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The carnotite lead would also seem to be a mixture, but of 
what kind is not clear. 

The atomic weight of isotopic lead now seems .to be a 
complex of at least three quantities, namely, the atomic 
weights of normal lead, uranium lead, and thorium lead, 
in varying proportions. Since the atomic weight of the 
two isotopes differ from that of normal lead in opposite 
directions it is difficult to determine in any particular case 
the relative proportions of the three modifications of the 
element. It has been suggested that normal lead is a 
balanced mixture of its isotopes ; but the constancy of the 
atomic weight of the ordinary metal seems to negative 
that supposition. In order to fulfil this condition it would 
be necessary that the isotopes should always commingle 
in equal or at least definite proportions ; which is 
extremely improbable. The apparent variations in the 
atomic weight of lead, as shown in the older determina- 
tions, are due to varying methods, imperfect technique, 
different values for the atomic weights of the other 
elements with which that of lead is compared, and experi 
mental errors. The modern determinations, which I 
have .already cited, are the only ones that are strictly 
oomparable. 

The suggestion that the lead contained in uranium ores 
is partly normal lead is not new. It has been advanced 
by other writers (see Joly, Phil. Mag., 1911, [6], xxii., 
354, and Becker, Bull. Qtol. Soc. Am., 1908, xix., 134), 
but the variable atomic weight of uranium lead gives tne 
supposition a decided emphasis. It now acquires new 
importance because of its bearing upon certain attempts 
to use the ratio between uranium and lead in uranium 
minerals as a datum for computing the age of the earth. 
For this purpose the ratio has been employed by Bolt- 
wood (Am. J. Soc., 1907 [4], xxiii., 86), who calculated 
it from almost all the trustworthy analyses of uraninite 
and its nearly allied species, and from it deduced their 
ages. These ages differ exceedingly. For a crystallised 
uraninite from Connecticut he found the age to be 

410.000. 000 years, and for Ceylonese thorianite 

2.200.000. 000 years. These calculations, and others, like 
them, involve two assumptions; first, that the rate of 
change from uranium to lead is accurately known, and, 
secondly, that all the lead was of radioactive origin. The 
latter assumption is now seen to be extremely doubtful, for 
the varying atomic weights prove that more than one 
kind of lead must be considered. Thorium lead especially 
must be taken into account, for many uraninites contain 
it, and in thorianite the percentage of thoria is more than 
five times that of uranium oxide. The ratio ot lead to 
its parent elements is therefore much less than Boltwood 
assumed, and the calculated age of thorianite is vastly 
reduced. Boltwood, however, doubted the derivation of 
lead from thorium, a fact which was not definitely known 
at the time his paper was written. The evidence of the 
atomic weights is also much later. 

Furthermore, the doubtful applicability of Boltwood’s 
method to chronological measurements has been shown by 
O. F. Becker (Bull. Qtol. Soc. Am., 1908 [4], xix., 134 ; 
see also Zambonini, Rome, Atti. Acc. Lined, 19“ [5] » 
xx., part 2, 131), who applied it to the analyses of rare- 
earth minerals from one locality in Llano County, Texas. 
The figures given oy Becker are as follows : — 


Mineral. 
Yttrialite 
Yttrialite 
Mackintoshite 
Nivenite 
Fergusonite 
Ferguson ite 


Analyst. 

Mackintosh 

Hillebrand 

Hillebrand 

Mackintosh 

Mackintosh 

Mackintosh 


Calculated age in years. 

11,470,000,000 

5.136.000. 000 

3.894.000. 000 

1.671.000. 000 
lO^SOiOOOf 000 

2.967.000. 000 


These ages differ enormously, even between two 
analyses of the same mineral. Thu evidence, taken 
together with the evidence from the atomic weights, seems 
clearly to show that the uranium-lead ratio in not appli- 
cable to the determination of the age of m\nerals. It is 


quite certain that not all of the lead in uranium ores is of 
radio-active origin. In pitchblende, for example, which 
contains no thorium, the determinations of atomic weight 
range from 206*40 to 206 88, figures far in excess of the 
theoretical 206*00 which is assigned to pure uranium lead. 
Normal lead, perhaps in solid solution, must be present 
in such ores. 

What, now,V.is the fundamental difference between 
normal lead and isotopic lead ? The answer to that 
question must be largely speculative ; but speculation is 
legitimate when its purpose is to stimulate future 
research. One difference at least may reasonably be 
assumed, namely, that normal lead is the product of an 
orderly evolution of the chemical elements ; and that 
isotopic lead is a product of their decay. Creation is one 
process, destruction is the other. 

Forty- five years ago (Popular Science Monthly, January, 
1873) I ventured to suggest 'that an evolution of the 
elements had actually occurred. It was clearly indicated 
by the progressive chemical complexity of the heavenly 
bodies, from the chemically simple gaseous nebulae, 
through the hotter stars and the sun, to the finished 
planets like our earth. At first, hydrogen and helium 
were the most abundant and conspicuous elements, then 
elements of higher atomic weight gradually appeared, and 
at the end of the process there was the chemical com- 
plexity of the earto, in which the free elements had in 
great part been absorbed and replaced by a multitude of 
compounds. On this basis hydrogen and helium seem 
to be the oldest of the known elements, while uranium 
and thorium are the youngest of all. Lead is older than 
uranium and tho.ium, for its lines appear in the solar 
spectrum, in which the other two elements have not as 
yet been recognised. Lead, however, is vastly more 
abundant than either uranium or thorium, and is more 
likely to have been originally their progenitor than their 
child. 

Up to this point we have a reasonable interpretation of 
definite evidence, beyond this imagination must come 
into play. It is fair to assume that the process of 
evolution was extremely slow, and that each element was 
developed gradually and passed from an unfinished to a 
finished stage. The chemical atoms are now known to be 
extremely complex structures, each with an electropositive 
nucleus surrounded by electrons in rapid motion. That 
such a structure could have been developed instan- 
taneously, with no prev ous preparation, is hardly pro- 
bable, for the process was one of condensation, from 
lighter to heavier, and that, it would seem, must have 
required time. The process was one from relative 
simplicity of structure to relative complexity, and with 
the (maximum condensation, as shown by uranium and 
thorium, a minimum of stability was reached. That is, 
so far as we now know, for less stable atoms may have 
been formed, to exist for a brief period and then vanish. 
Some of the radio-active elements which appear as pro- 
ducts of the decay of uranium are of this kind. On that 
theme more later. 

that the atoms uf the elements, above helium in the 
scale of atomic weights could not have been formed 
instantaneously is indicated by their structure. It has 
been shown that they are built up of smaller particles of 
electrons, and also in part, perhaps, of pre-existent helium. 
Such particles, approaching one another at first in irregular 
proportions, are supposed to have formed the atoms in 
question ; but that exactly the right proportions for 
stability were found at once is hardly conceivable. There 
must have been a period of selection, in which the un- 
available particles were discarded, probably to be used in 
other structures later. For each new chemical atom a 
definite balance between electro-positive and electro- 
negative particles was required, and also the establish- 
ment of a stable configuration. When these conditions 
were fulfilled the atom of an element was complete. As 
I have already said we can fairly assume that there was 
a distinct passage from an unfinished 0: incipient structure 
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l o a finished one of permanent stability. Furthermore, 
at shown by the spectra of stars and nebulae , the 
elements of relatively low atomic weight were first 
formed, and those of higher atomic weignt came later. 
The older elements were also dei eloped in the l*'gest 
quan tities, and are therefore the most abundant. The 
later elements are as a broad general rule much scarcer 
This rule is not absolutely exact, but it expresses some 
well known general relations. Toe very simple and very 
stable primordial helium, however, is now relatively rare ; 
but There is evidence to make us believe that it was 
largely consumed in building other elements. Its present 
observed emission by radium is evidence in favour of this 

in this evolutionary hypothesis with its subsidiary 
speculations there is, I think, nothing incompatible with 
present knowledge. In matters of detail it is unavoidably 
incomplete ; but notwithstanding its imperfections it 
bears very directly upon a consideration of the later 
phenomena of radio-active decay. Here the process of 
evolution is reversed and rapid changes take the place of 
slow ones. Furthermore, the normal elements are sup- 
posed to be veritable store houses of potential energy ; 
which in radio-active changes becomes partly kinetic. 
Radium, for example, gives forth heat continuously, and 
its rate of decay can be observed in the laboratory. 

Through the investigation of rkdio-active transforma 
tions more than thirty new substances, elements or pseudo- 
elements, have been discovered. Some of these are 
extremely evanescent, lasting only for seconds or even 
fractions of a second ; others are relatively long-lived. All 
of them, however, are more or less unstable, and change 
slowly or swiftly into other things. Some of them are 
metallic, like radium, polonium, and actinium; others 
appear as emanations which belong to the group of the 
chemically inert gases. One of these, helium, “ c °"" 
tinuously being generated from radium. Some, *g* m » 
are isotopic with bismuth or thallium, and four of them 
!* said to be isotopes of lead. These are Radium B, 
Thorium B, Actinium B, and Radium D. The first three 
are short-lived, and endure only for a few minutes or 
hours, but Radium D, also known as radio-lead, is assigned 
a probable life period of twenty-four yeais, and given 
theoretically an atomic weight not far from 210. In its 
chemical relations it cannot be distinguished from lead. 

All four of these isotopes may have been present m 
uranium lead at the time of its formation, but it does not 
seem possible that even a trace of them could persist m the 
lead which is now extracted from urammte or tborianite. 
Thev are therefore negligible in our consideration of the 
evidence which is now supplied by the study of the atomic 
weights, except in so far as they show the probable deriva- 
tioifof uranium lead and thoiium lead from the two higher 
elements. The essential point is that all these varieties of 
leaders products of degradation, and in that respect differ 
fundamentally from the normal product of evolution. The 
thirty or more new substances which have been revealed 
to w by the study of radio activity are all matter in a 
state of transition from instability towards some stable 
which may be lead, or bismuth, or thallium, or some 
23 dement which has not yet been ^cogmsedasan 
end-product of these mysterious changes. As these pro- 
ducts ^re approached we have them in an incomplete con- 
nearly but not quite identical with the permanent 
element.*^ 1 ihUmey be the character of i.otopic lead. . The 
fact that uranium lead is radio-active show* that it is still 
nndereoine change, and that its atoms have not acquired 
the Vxact ^composition and configuration which give to 
norms* lead its uniformity and stability. Whether or not 
SJTprocess of change can continue until normal lead is 
formed it is impossible for us to say. 

The atoms of the chemical elements are, as I have 
already said, extremely complex, but their stiucture is not 
tet completely understood. To some part of each kind of 
atom°Rs chemical properties and its spectrum «e prob- 
aSy 1 due. It is coi ceivable that this part may be the 


earliest to form, with its surrounding rings or envelopes at 
first not quite adjusted to permanent stability, \\itn the 
final adjustment the isotopes as such should disappear, 
and the normal element be completed. This is spolia- 
tion, and its legitimacy remains to be established, A. 
careful comparison of the spectra of the elements from 
thallium up to uranium might furnish some evidence as to 
its validity. The spectrum of uranium, for example, may 
contain lines which really belong to some of its derivatives. 

Note.— Since this paper was written, one by Prof. 
Barrell has appeared (Bull. Gtol . Soc . Am., 1918, xxvm., 
74s), in which the use of the manium lead ratio for deter- 
mining the age of minerals is defended. There are also 
two papers by Holmes and Lawson (Phil. Mag., 19M* 
[6], xxviii., 823; 1915* » 682 )* * nd f not 5 f f V 

Ho.mes (Proc. leologist's Assoc., 1915. 289), in 

which the same position is taken. There is evidently 
room for further discussion of the subject, but as yet I 
see no good reason to change my own views .— Proceedings 
of the National Academy of Sciences , June, 1918, iv., 181. 


LAND FOR RECONSTRUCTION. 

The Minister of Reconstruction, Dr. Addison, has issued 
for publication the first report of the Committee appointed 
under the Chairmanship of Mr. Leslie Scott, K.C., M.P., 
to consider defects in the existing system (1) of acquiring, 
and (2) of valuing, land for public purposes and to recom- 
mend any changes that miy be desirable in the public 
interest. The Committee’s first report deals with the 
general principles of acquiring land for public purposes. 
The valuation of land and special aspects of the question 
of acquisition — e.g . , in connection with mining, &c.— will 
be dealt with in subsequent reports. 

The whole inquiry has an important bearing on post- 
war problems of Reconstruction, the essence of which lies 
in increasing national production to make good the 
wastage of war. To achieve this end the importance of a 
right handling of the question of land cannot be over- 
stated. In certain aspects, land is obviously the immediate 
source of national wealth, as for example, in agriculture 
and coal and iron mining, with all their prospective develop- 
ments, such as forestry, petroleum, and other mincial 
resources. Less obviously, perhaps, but no less sctually, 
is the acquisition of land of vital necessity to almost every 
productive enterprise. The need for suitable sites, with 
adequate means of access and communication, water and 
power, almost inevitably binds down commercial under- 
takings in a thickly populated country like ours to the use 
of certain limited areas of land. . 

It is owing to this special position of land as. a 11 neces- 
sary commodity of limited extent w that British law, in 
common with that of all highly civilised nations, recog- 
nises a special limitation of the rights of private owner- 
ship in land by authorising compulsory expropriation 
when public interest demands it, subject to just com- 
pensation for the owner. The Committee, therefore, 
address themselves in the first place to discussing the 
adequacy of existing means for giving effect to this 
admitted principle. 

The result of their investigations is in some respects 
startling. Elementary education, for example, is one of 
the primary needs of the nation, and a normal school site 
does not involve the purchase of more than part of an 
acre. But the educational authority resorting to com- 
pulsory powers may be forced to incur an expenditure of 
some hundreds of pounds in costs, and a delay of several 
years, before obtaining possession of the required site. A 
special Parliamentary bill is necessary for every compo!- 
sory acquisition of land by the Office of Works (who are 
responsible for housing Government departments} and for 
I every post-office site compulsorily acquired. Even for 
such requirements as Naval Defence and the provision of 
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light-houses Government departments have, in cases cited 
in the report, paid more in costs for the exercise of com- 
pulsory powers than the total value of the land acquired. 
Private promoters of commercial enterprise, no matter 
how desirable their schemes may be in the national 
interest, are even more unfortunately situated. The 
expenditure upon counsel, agents, and witnesses (who 
may have to appear again and again in the course of 
applications under the present Private Bill or Provisional 
Order procedure) renders compulsory acquisition of land 
virtually prohibitive for any private promoters save large 
corporations and the wealthiest companies. The ordinary 
man is left with the alternative of paying the landlord's 
price, should he consent to fix one, or abandoning his 
enterprise. 

The Committee’s unanimous conclusion is that some 
simpler, more uniform, and less costly procedure for com- 
pulsory acquisition of land has now become essential. 
Their chief concern is as to the kind of tribunal by which 
compulsory powers should be granted. They are opposed 
to any wholesale delegation of such jurisdiction from 
Parliament to Government Departments — who would 
thereby become the judges in cases in which they them- 
selves were interested, directly or indirectly, one way or 
the other. The alternative of setting up a Standing 
Judicial Commission for this purpose is also rejected by 
the Committee — though most of them are legal men. 
They point out that such Commissions tend almost 
necessarily to become bound by their own precedents and 
stereotyped in their decisions ; whereas the prime need 
of the new general machinery for the grant of compulsory 
powers is that it should be sufficiently elastic to adapt 
itself readily to the progressive needs and ideas of the 
nation at large. 

The Committee’s solution of the problem is directed to 
mending, rather than ending, the existing jurisdiction 
of the Parliamentary Committees for the investigation 
of schemes involving compulsory powers. The drawbacks 
to these tribunals are that their procedure is slow and 
costly, and that its extension to all proposals for the com- 
pulsory acquisition of land in future would make impos- 
sible demands on the time of Members of Parliament. On 
the other hand, the investigations of such schemes by 
Parliamentary Committees in the past have admittedly 
been marked (as the report emphasises) by a very high 
standard of justice and common sense, and their decisions, 
as being those of Parliament itself, have an element of 
authority and elasticity not attainable in the case of any 
purely extra-Parliameutary Tribunal. 

The Land Acquisition Committee accordingly propose 
that a general Sanctioning Authority for the grant of com- 
pulsory powers in regard to land shall be set up in the 
form of a panel of Commissioners, including Members of 
Parliament and others of similar standing with general 
experience of affairs. Government officials or professional 
experts, as such, will not be included in the panel, but 
will have their proper opportunity of appearing as wit- 
nesses before the Tribunal. Any scheme involving the 
compulsory acquisition of land will be publicly (and so 
far as possible, locally) investigated by Commissioners 
chosen from this panel ; and the decision of such Com- 
missioners will be final on all questions of fact or the 
intrinsic merits of any scheme. 

Full parliamentary control over matters of policy will 
be retained by providing for direct reference to Parliament 
noon any unsettled questions of principle ; and all 
Members of the Panel (Parliamentary and non-Parlia- 
mentary) will be periodically appointed by a Parlia- 
mentary Selection Committee drawn from both Houses. 

The Sanctioning Authority will thus become to all 
intents and purposes a sub-committee of Parliament, with 
co-opted Members from the large body of public-spirited 
men of all classes outside Parliament whose general 
experience fits them to act as Commissioners for such a 
purpose. Delays will be reduced by permitting schemes 
to be submitted to the Sanctioning Authority at any time 


of the year (instead of only during two months, as at 
present), and a final decision upon any scheme should 
uormally be reached in a few weeks. Provision is made 
for reducing expenses by giving the Commissioners them- 
selves a wide discretion over procedure and costs, with a 
direction to txercise their discretion in each case with a 
view to curtailing unnecessary evidence and discouraging 
unreasonable contention on either side. 

The Committee in commending their report to the 
earnest consideration of the “ powerful interests to whom 
some of their conclusions may seem hard of acceptance,” 
point out that these conclusions involve no new principle 
and no element of confiscation. “ Peace has been rudely 
shattered and its accumulations of wealth have been dis- 
sipated for a generation. The loss can only be repaired 
by the strictest possible economising of individual energy 
and the strongest possible stimulation of the nation’s pro- 
ductive resources. The means necessary for production, 
and for the general well being of the community (in- 
cluding the indispensable element of land) must be 
rendered accessible to industry and to responsible adminis- 
trative authorities by a path direct and unencumbered. 
Avoidable complexities and unnecessary intermediaries 
must be eliminated.” 

GERMAN DYE INDUSTRY. 

Boast to Undersell. 

The attention of manufacturers in the chemical and dye 
industries ought to be drawn to recent issues of the 
German trade papers, wherein the present position of the 
dye industries in various countries is reviewed in the con- 
fident fashion characteristic of the Teuton. 

In the first place, they assert that British, French, and 
Italian manufacturers will be obliged to offer their dyes at 
high prices, whereas they, with the State-fed companies, 
can sell at cost price, or even less. Moreover, the Germans 
are prepared to offer other products of chemical industry 
on the same terms, by which they hope to undersell all 
competitors. There is certainly danger that they will 
make good their boast, because their factories and works 
have been organised on this basis for a long time. 

The person most interested in the dye-stuff problem is 
probably the textile manufacturer, and it is in this in- 
dustry that the Germans hope to introduce the entering 
wedge by means of new dyes which they have made by 
wbat appear to be new methods. In the chemistry of dyes 
there is always the possibility that among the new pro- 
ducts there may be some of especial value. 

Costly Intermediates . — At first many textile manu- 
facturers placed considerable confidence in optimistic 
reports in the newspapers, and were lulled into a sense of 
security in the belief that all dye-stuffs used in Entente 
industry would be manufactured in England and America 
by processes much in advance of the antiquated German 
methods. Some of these experiments have been tried, 
such, for instance, as the extraction of a red dye-stuft 
from the cranberry, the belief being apparently that 
vegetable colouring matters might in some cases take the 
place of synthetic dyes. The result of this and other 
expedients showed that in the present critical time it is a 
mistake to endeavour to prepare dye-stuffs by new and 
untried methods. The making of the finished and useful 
dyes is not, in the judgment of chemists, a difficult and 
complicated problem provided the proper so-called inter- 
mediate materials are available. The crux of the problem 
lies in the economical production of these intermediates, 
the by products of the gas and coke-oven tars. But all 
these products are at very abnormal prices owing to the 
demand for high explosives. There is a disagreeable 
modicum of truth in the German contention that these 
j prices must come down before the dye industry of the 
I Allies can be organised on a good working basis. 
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Strength of Girman Industry . — Chemists do not deceive 
themselves as to the astonishing amount o! strength in the 
German dye industry. After the war Germany will 
mainly rely upon dye-stuffs as articles of commerce 
destined to recover a place in the world’s markets and to 
compensate her trade losses in other directions. The 
chief factor in this strength is the simple truth that German 
factories can turn out dyes and other chemicals cheaper 
than any other concerns. The cost of making these pro- 
ducts in other countries, notably England, was clearly 
brought out in trade journals, which quote the preparations 
made by the different Governments to meet the expense. 
In England, for example, it seems necessary to feed the 
industry out of State money. The sum required, according 
to Sir Watson Rutherford, is £40,000,000. This is re- 
garded by business men of all lines as a heavy capitalisa- 
tion to produce the two and a quarter millions of dye-stuffs 
imported prior to the war.— “ Manufacturer,” in Sunday 
Times t Dec. x, 19x8. 


SALE OF POISONS BY CORN MERCHANTS. 

At a recent meeting of the Worcester City Council 
Mr. H. J. Aubrey, a local chemist, made a vigorous 
protest against the proposal of the Watch Committee to 
grant licenses under the Poisons and Pharmacy Act to a 
local firm of corn merchants for the sale of poisonous 
substances for use in agriculture or horticulture. He 
argued that the power to grant such licenses as given to 
Councils was only intended to be used in cases where 
there was difficulty in getting those compounds, but that 
could not be said to be the case in a city like Worcester 
where there were plenty of opportunities for such purchase. 
A rich firm like the applicants would not trouble to engage 
a solicitor to appear before the Watch Committee unless 
there was something behind it. During the war at any 
rate chemists would be precluded from dealing in corn, 
and why should corn merchants deal in poisons. 

Mr. R. Haughton said that he was with Mr. Aubrey 
in protecting his profession, but he pointed out that other 
corn merchants were granted those licenses, and it would 
penalise this firm if they were not given one. He thought 
that Mr. Aubrey’s remedy would be to move that on the 
expiration of the present licenses there should be no 
renewals. 

Mr. Maund moved this, saying be thought it wrong that 
those poisons (some of which were very deadly) should be 
sold without the strictest supervision. There had been 
many oases of the misapplication of weed killers. 

The Town Clerk said that there was a legal difficulty in 
adopting the course suggested by the amendment. Each 
case must be considered on its merits, though they might 
have previously made up their minds as to the merits. 
He suggested that the Committee should be asked to bring 
up a special report as to the renewal of the existing 
licenses. 

The Mayor pointed out that what happened now was 
that an order sent to such a firm, if they had no license, 
was executed direct from the wholesalers, and that would 
happen in the future. Therefore the question of com- 
petition with the chemists did not arise. 

Eventually it was decided to grant the license, and the 
Committee were asked specially to consider the question 
of the renewal of existing licenses. 


The Detection of Organic Bases in By-products — 
Pyridine or other bases in coal-tar by-products when 
liquid may be detected as traces by shaking with 
magnesium bismutbate, a black reduction taking place.— 
J. C. Thomlinson, B.Sc. 


PROCEEDINGS OF SOCIETIES- 

ROYAL SOCIETY. 

Ordinary Meeting , November 14, 19x8. 

Sir J. J. Thomson, O.M., President, in the Chair. 

The following Papers were read, the Summary here 
printed having been supplied by the authors for use at the 
meeting : — 

11 Sounds Produced by Drops Falling on Water ” By 
A. Mallock, F.R.S. 

" Coefficients in the Expansion of Certain Modular 
Functions .** By G. H. Hardy, F.R.S.,and S. Ramanujan, 
F.R.S. 

“ The Light Scattered by Gases : Its Polarisation and 
Intensity .** By the Hon. R. J. Strutt, F.R.S. 

"An Investigation of the Ionising Power of the Positive 
Ions from a Glowing Tantalum Filament in Helium . w By 
F. Horton, Sc.D., and Ann C. Davies. 

The ionising power of the positive ions from a glowing 
tantalum filament in helium has been investigated by a 
modification of the method due to Lenard. The positive 
ions were accelerated through a piece of platinum gauze 
into the ionisation chamber, and were there retarded by an 
opposing potential difference between the gauze and a 
movable collecting electrode, this retarding potential 
being constant during a series of experiments and always 
greater than the greatest accelerating potential used in 
that series, so that none of the positive ions reached the 
collecting electrode. 

It was found that an increasing current was obtained in 
the ionisation chamber (the electrode collecting a negative 
charge) when the potential difference accelerating the 
positive ions was gradually raised above 20 volts. This 
result is similar to that obtained by Pawlow, and by Bahr 
and Franck, who concluded that helium atoms are ionised 
by the collisions of positive ions moving with 20 volts 
velocity. 

The experiments described in the paper have shown that 
the observed increasingcurrent, with increasing accelerating 
potentials above, about 20 volts, is mainly doe to the 
positive ions liberating electrons from the walls of the 
ionisation chamber which they bombard, and that the 
positive ions do not ionise the helium atoms even when 
they collide with velocities up to 200 volts. 


THE ASSOCIATION OF BRITISH CHEMICAL 
MANUFACTURERS. 

The following Memorandum has been addressed to the 
President of the Board of Trade— setting forth the views 
of the Executive Council of the above Association on the 
present situation in that section of Chemical Industry 
directly concerned with the production of Dyes. 

The Council are of opinion — 

x. That a wider and more comprehensive scheme of a 
completely National nature is immediately requisite, if a 
supply of the Colours, in variety and quantity essential 
to the conduct of our great Textile Industry, is to be 
forthcoming within a reasonable period of years, and 
especially with a view to the early elimination of all de- 
pendence on Overseas Supplies. 

2. That the fundamental error which resulted in an 
inadequate policy in Butiah Dye production is the failure 
on the part of the originators of that policy to recognise 
the fact that the manufacture of Dyes is not, by itself, 
an industry apart ; but is precisely an integral pt rt of, 
and is dependent upon, the operations covered by the 
Chemical Manufacturing Industry as a whole, i.#., the 
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Manufacturer of Heavy Chemicals, of Fine Chemicals, 
of Tar Products, and of Explosives, have each and all 
separate functions to perform in developing a successful 
Dye Producing Industry in this country. 

3. That the apparent failure to grasp the essential con- 
dition set forth in paragraph 2 has been the cause of the 
otherwise incomprehensible unwillingness on the part of 
the Governmental Officials concerned to consult this entirely 
representative Association of Chemical Manufacturers, 
and even to refuse the Conference offered by an Expert 
Committee of the Association, some months ago. 

4. That the general trend of what Lord Moulton said 
at Manchester in December, 1914, is correct, when he 
pointed out that broadly speaking tbe manufacture of the 
greater proportion of essential Intermediates should be 
conducted at the existing Chemical Works of tbe country, 
leaving the actual production of the finished colours to be 
in some measure centralised. 

5. That no such comprehensive scheme has yet been 
formulated, with the result that firms capable of adding 
useful weight to Dye Production have had insufficient 
opportunity for doing so, and that unless such opportunity 
is created not only will time be lost, but unnecessary 
capital expenditure incurred in the erection of plant which 
already exists in whole or in part at the Chemical Works 
of the country. 

6. That the past and present schemes have not included 
the whole of the country’s resources of knowledge in actual 
colour production, and that, in short, there are potential 
dye makers who fiave not been used sufficiently, and 
whose powers of production have not been developed to 
the extent of which they are capable. 

7. That the problem of distributing to the best advan- 
tage the Urge sums of money recently voted by Parliament 
for the development of the Dye Industry is one upon 
which this Association should advise. It is also felt that 
the questions of priority for purchase of dye making 
plant and the utilisation of materials are also matters in 
which the wide knowledge of this Association can be used 
effectively and it is urged that unless measures of co- 
operation of this nature are adopted the dangers of dupli- 
cation of plant and of overlapping in processes will be 
seriously increased. 

8. That unless co-ordinated action can be brought 
about to a much greater extent than is at present indicated 
the problem of meeting external or overseas competition 
in peace time will be more difficult and dangerous than is 
at present foreseen. 

9. That the development of a British Organic Chemical 
Industry, capable of keeping abreast of Industrial achieve- 
ments in the synthetic production of Dyes, Drugs, Ex- 
plosives, Poisons, &c., is essential to the safety of the 
Empire. In this connection it is clear that the Dye In- 
dustry should be intimately co-ordinated with the other 
sections ol Organic Chemical Industry if the success of 
the whole is to be secured. 

10. To sum up, it is considered that — 

(1) An immediate co-operative effect is called for and 
that a wider interest should be appealed to. 

(2) The formation of those Companies on which 
Colour production will fall should not be con- 
fi ted in any sense. 

(3) The whole Chemical Industry should be en- 

couraged to assist, with both knowledge and 
money, an enterprise which is so vital to the 
maintenance and development of some of the 
country’s most important industries. 

As a consequence of this the directing or controlling 
body should be representative not only of Colour pro- 
ducing In.erests and Colour Users, but also of those 
other and equally important factors in Chemical Manu- 
facture, tbe good will and assistance of whom is of para- 
mount importance in the National effort which has 
become essential. 

November x, 1918. 


Chemical News, 
Dec. 6, 1918 


In reply to this the following letter has been received 
from the Dyes Commissioner : — 

Dyes Department, Board of Trade, 

7, Whitehall Gardens, S.W. x. 

November 8, 1918. 

Dear Sir, — With reference to your letter of November 1 
addressed to the President of the Board of Trade, which 
has been referred to me, enclosing a memorandum setting 
forth the views of your Association in connection with the 
development of the Biitish Dye Industry, I have to inform 
you that full details of the scheme which H.M. Govern- 
ment propose to adopt for affording further assistance to 
the Dye Industry was presented to Parliament on the 
6th instant, in the form of a White Paper, from which it 
will be observed that representation of your Association 
on the Trades and Licensing Committee which is to be 
set up under the scheme has been provided for. — I am, 
yours faithfully, 

(Signed) Evan D. Jones, 

Dyes Commissioner. 

The General Manager, Association of 
British Chemical Manufacturers. 

From this it will be seen that only one of the points 
referred to in the Memorandum has been met, and that 
only to the extent of the appointment of one representa- 
tive of this Association out of nine members of the Trades 
and Licensing Committee. 

In view of tbe national importance of this matter my 
Association deems it necessary that the public should be 
informed of the position. — Yours faithfully, 

G. Mount, Secretary. 


NOTICES OF BOOKS. 

The Zinc Industry. By Ernest A. Smith, Assoc. R.S.M. 

London, New York, Bombay, Calcutta, and Madras: 

Longmans, Green, and Co. 1918. Pp. viii + 223. 

Price 10s. 6d. net. 

The serious position of this country in regard to zinc 
supplies at the outbreak of war has found frequent mention 
and discussion in the Press, and the appearance of this 
monograph upon the zinc industry is most timely. It gives 
a general survey of the development of the industry and 
smelting, and other methods of zinc production are fully 
treated. The different types of furnaces used for smelting 
are accurately described and illustrated, and an attempt is 
made to estimate the cost of roasting per ton. The data 
can, however, of necessity not mean very much, as they 
refer mainly to pre war conditions. The chapters on the 
physical and chemical properties of the metal are illus- 
trated by good plates of micro- photographs. It is 
pointed out in tbe introduction that for many years 70 per 
cent of the zinc employed in this country was imported, 
although the Broken Hill deposits alone would be suffi- 
cient to supply the whole United Kingdom demand for 
metallic zinc, and it is much to be hoped that in tbe future 
the supplies of concentrates which used to be shipped to 
Germany for treatment will be dealt with in this country, 
and that there will be no possibility of the exploitation by 
Germans of the mineral resources of the British Empire. 


Aids to the Analysis of Food and Drugs. By C. G. Moor, 
M. A. (Cantab), F.I.C., and William Partridge, F, I. C. 
Fourth Edition. London : Baiiliere, Tindall, and Cox. 
1918. Pp. xii + 268. Price, cloth, 4s. 6d. net ; paper- 
cover, 49. net. 

In the latest edition of this useful book many alterations 
have been made, including the addition of fresh Regula- 
tions and Orders of Government Departments, and the 
description of methods of detecting new adulterants and 
-preservatives which have come into use in recent times. 
New sections have been added on cider, hardened oils 
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the bleaching of flour, &c., and the practical analyst, will 
find the book most convenient for reference and laboratory 
use. Many of the results of the authors’ investigations 
are of considerable value in food analysis, and the descrip- 
tions of the methods they have adopted and the con- 
clusions arrived at will frequently be found useful by less 
experienced workers. Notes on the British Pharmacopoeia 
are included, and an appendix gives details of alteration 
in composition of food and drugs due to the war. 


The Chemists' Pocket Annual . By Richard K. Meade, 
M.S. Third Edition. Easton, Pa. ; The Chemical 
Publishing Co. London : Williams and Norgate. 
Tokyo: Maruzen Co., Ltd, 1918- Pp.v + 530. Price 
3.50 dots. 

The third edition of this manual has been very consider- 
ably enlarged, and many additions have been made to it, 
so that it is now about three times as large as the original 
issue in 1900. A specially notable increase is that in the 
sections relating to chemical engineering, data and tables 
of statistics of fuels, combustion, &c., being much more 
copious than before. The analytical sections have also 
undergone revision, and methods for determining various 
metals in their ores have, for example, been added. The 
analysis of alloys, the testing of lubricating oils, &c., are 
now treated fully, and good bibliographies are given. 
Nothing but continual use would perhaps enable one to 
vouch for the accuracy of the data and tables, but to 
judge by the earlier editions the most critical could not 
justifiably find fault with the book in this respect, and it 
is certainly comprehensive in its scope, and the informa- 
tion given is clear and conveniently arranged. 


I Penomeni Elettro-atomici solto VAzione del Magnetismo. 
(“ Electro-atomic Phenomena under the Action of 
Magnetism”). By Augusto Righi. Bologna: Nicola 
Zanichelli. Pp. xvi+ 4 35- Price 21 francs. 

This volume contains a comprehensive account of the 
author’s experimental work, and the hypotheses he has 
based upon it, expressed in language which the educated 
reader should be able to follow, even though he possesses 
no detailed knowledge of physics. Tnese experiments 
have extended over more than forty years, having given 
Prof. Righi an undisputed right to a place in the front 
rank of modern scientific men, and this exposition of his 
work will be warmly welcomed. A short introductory 
chapter, which the scientific reader may, if he likes, omit, 
gives a resume of modern views on the theary of ionisa- 
tion, the nature of electrons, &c. Then the subject upon 
which the author has done so much valuable work— the 
influence of magnetism on the production of the electric 
discharge is discussed, and the theory of magneto-ionisa- 
tion is put forward. It is shown how this theory satis- 
factorily explains the observed facts, and the author 
claims that it has been amply confirmed. The descrip- 
tions of the observations of ionomagnetic rotations in 
Chapter IV. are particularly interesting, and finally the 
influence of magnetic fields upon electric currents in 
metals and liquids is treated in the last chapter. The 
appendices contain short expositions of the application of 
mathematics to the subject, and the working out of cal- 
culations for the benefit of those readers who wish to go 
more thoroughly into it. 


Royal Institution.— At a General Meeting of the 
Members on Monday, December 2, Sir James Crichton- 
Browne, Treasurer and Vice-President in the Chair, 
the following gentlemen were elected Members : — 
Viscount Knutsford, H. Bradford, L. F. Everest, and 
John C. S. Rasbleigh. Thanks of the Members were 
returned to Mrs. Edward Pollock for the present of 
portraits of the late Dr. and Mrs. Warren de la Rue, 
and to Dr. Dundas Grant for the donation of £ 25 5s. to 
the Research Fund* 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 


Note.— All degrees of temperature are Centigrade unless oiherwise 
expressed. 

Comptes Rendus Hebdomadaires des Seances de I'Academie 
des Sciences . Vol. clxvii., No. 7, August 12, 19x8. 
This number contains no chemical matter. 

No. 8, August 19, 1918 ; No. 9, August 26, 1918. 
These numbers contain no chemical matter. 

No. 10, September 2, 1918. 

Determination of Nitrites.— F. Dienert.— Nitrites 
can readily be estimated by Kalmann’s method:— 
NaN0 2 +2HI«NaI + I+N0 + Ha0, if due precautions 
are taken to exclude oxygen. The estimation then 
depends only upon the determination of iodine. A current 
of carbon dioxide is first passed through a flask containing 
2 grms. of potassium iodide in 50 cc. of water, then 
through a second flask containing xo cc. of normal 
sulphuric acid, and then into a third flask containing the 
nitrite to be estimated. The current of gas is allowed to 
pass for a quarter of an hour, and then the contents of 
the first flask are poured into the second, and the mixture 
of iodide and sulphuric acid is finally poured into the third 
flask. The yellow coloration due to the liberation of 
iodine at once appears. Then xo cc. of a 20 per cent 
solution of ammonium carbonate are run in, and the 
iodine can then be titrated with N/70 arsenious acid in 
presence of air. The method gives very accurate results 
if all precautions are taken to prevent the introduction of 
oxygen before the alkaline solution is added. 

No. xx, September 9, 1918. 

This number contains no chemical matter. 

No. 12, September x6, 1918. 

Partial Sterilisation of Soils.— G. Truflaut.— The 
author has carried out some large scale experiments to in- 
vestigate the partial sterilisation of soils by means of 
carbon di sulphide, calcium sulphide, and aromatic 
hydrocarbons. The conclusions of Russell and M.&ge are 
confirmed by his results. Considerable increases in the 
yields of crops were observed, and the development of 
animal and vegetableparasites appeared to be pievented. 


MISCELLANEOUS. 


Alcohol and Glycerin.— The Ministry of Munitions 
notify that there are now supplies of alcohol available for 
industrial purposes, and that manufacturers should be 
able to obtain their requirements from their usual sup- 
pliers without restriction, subject of course to the usual 
reglations of the Board of Customs and Excise. Methylated 
spirit is again available to the public. Glycerin should, 
in a few days, be purchasable in the ordinary way from 
chemists, stores, &c. Arrangements have been made 
which enable glycerin producers to supply substantial 
quantities for general use. 

Christmas Deliveries by Motor. — The President of 
the Board ot Trade having considered the representations 
of the Commercial Motor Users Association, the Petrol 
Controller has arranged forthwith “ to consider on its 
merits any individual application for an increased allot- 
ment, in view of the additional quantity of food-stuffs to 
be delivered during December.” Captain F. G. Bristow, 
the General Secretary of the Association, 83, rail Mall, 
S.W. x, will be glad to assist traders using commercial 
motors for the distribution of food-stuffs who desire to 
make special claims. 
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British Science and Invention Exhibition. { CH Dec^,j, 1 8 W ’ 


British Science and Invention Exhibition.— In view 
of the wide public interest taken in the British Scientif.c 
Products Exhibition, held at King’s College, London, 
during the past summer, the British Science Guild has 
decided to organise another Exhibition next year. The 
main object of the Exhibition will be to stimulate national 
enterprise by a display of the year’s progress in British 
science, invention, and industry. Further particulars of 
the Exhibition will be available in due course. A large 
part of the recent Exhibition has been transferred to 
Manchester, where it will be on view at the Municipal 
College of Technology towards the end of December. 

Petrol and Paraffin Prices. — Following upon the 
reception of two deputations from the Standing Joint 
Committee of Mechanical Road Transport Associations, 
Capt. F. G. Bristow, the Hon. Secretary, has been 
officially notified that there will be 2d. per gallon reduc- 
tion in the prices of petrol and paraffin as from next 
Monday. The deputations were received by Sir John 
Cadman, K.C.M.G., Director of H.M. Petroleum Execu- 
tive, and Sir Walter Egerton, K.C.M.G., Chairman of the 
Petroleum Supplies Pool Board. The deputations in- 
cluded delegates from Commercial Motor Users Association, 
Furniture Warehousemen and Removers Association, 
London and Provincial Omnibus Owners Association, 
National Motor Cyclists Fuel Union, National Traction 
Engine Owners and Users Association, Royal Agricultural 
Society of England, Showmen’s Guild, Steam Cultivation 
Development Association. 


NOTES AND QUERIES. 


New Industries —Mr. Jamcs Crerde, care of Campbell, 107, 
Clackston Road, Carhcart, Glasgow, desires to have information re 
Fixation of Atmospheric Nitrogen (Elmore's Patent), as he is anxious 
to get into (ouch with someone interested in the erection of works for 
same. Mr. Paul Villian, Warwick Lodge, 14, Effra Road, Brixton, 

S. W. 2, and Mr. H. S. Morran, “ Treganna,” King's Road, Fleet, 

Hants, both requi e information on manufacture of Soaps. Mr. 

T. H. Gibbard, 33, Poplar Grove, New Malden, Surrey, requires par- 
ticulars with regard to research work connected with the production of 

Casein— Glue Compounds. Mr. Trevor TRBGAt-Kis, 85, Finnart 

Street, Greenock, N.B., desires information re the manufacture of 

Plaster of Paris, in which gypsum is the raw material required. 

Capt. T. L. Coppock, Mayfield, Whitchurch, Cardiff, desires technical 
information on Refining Mineral Oils and making Lubricating Grease 
and Disinfectants, after peace. 


'J'O comply with Regulation 8 (6) of the Defence of the Realm 
Act, advertisements from firms whose business consists 
wholly or mainly in Engineering, Shipbuilding, or the production 
of Munitions of War, or of substances required for the production 
thereof, mast include the words M No person resident more than 
ten miles away or already engaged on Government work will be 
engaged." 


Chemist (46) desires Appointment, with 

V-/ Partnership or Financial Interest, with Agricultural or Analytical 
Chemist or Dairy Company —Address, “C. 46,” Chemical News 
Office, 16, Newcastle Street, Farringdon Street, London, E.C. 4. 

f A hemist, B.Sc., London (Hons, in Chemistry, 

seeks Research appointment with large manufacturing firm. — 
Address, G. L., Chemical News Office 16, Newcastle Street, Far- 
ringd on Street, London. E.C. 4. 

/^hemist (Hons. B.Sc. Chemistry), with 

Technical Analytical and Research experience, requires Post. — 
Address, S,, Chemical News Office, 16, Newcastle Street, Farringdon 
Street, London, E.C. 4. 


T^outh, 19 (Lond. Matric.), requires Situation 

as Junior in Works Laboratory. Some experience in Public 
Analyst's Laboratory.— Address, “Peace,” Chemical News Office, 
16 , Newcastle Street, Farringdon Street, London, E.C. 4. 

\A 7 anted, fully trained, qualified, and experi- 

V V enced Organic Chemist to take charge of Research Labora- 
tory.— Apply, with full particulars of qualifications and experience, to 
“F. 396,” 34, Union Street, Birmingham. 


\A 7 orks Analytical Chemist required. One 

V V conversant with Soap Manufacture, Nicotine Extractions, and 
Agricultural and Horticultural Preparations. State full particulars 
and salary required.— Address, W. A., Chemical News Office, 16, 
Newcastle Street, Farringdon Street, London, E.C. 4. 


\X^anted, Assistant Chemist with experience 

* * in the analysis of Iron, Steel, and Non-ferrous Alloys, for 
large Works in the North of England. No one at present engaged on 
Government work need apply. — Write, stating age, experience, and 
wages required to nearest Employment Exchange, quoting No. 
A 6182. 


WANTED TO PURCHASE. 

A copy of Latest Edition of “ URE’S 

** DICTIONARY OF CHEMISTRY.” - Address, “ Ure ” 
Chemical News Office, 16/ Newcastle Street, Farringdon Street 
London, E.C. 4. 

ROYAL SOCIETY.' 


fLOVERNMENT GRANT for SCIENTIFIC 

INVESTIGATIONS.— Applications for the year 1919 must be 
received at the Offices of the Royal Society not later than January 1 
next, and must be made on printed forms to be obtained from the 
Clerk to the Government Grant Committee, Royal Society, Burlington 
House, London, W. 1. 


STAFFORDSHIRE EDUCATION COMMITTEE 


An ASSISTANT MASTER or MISTRESS, 

* qualified to teach Elementary Mathematics and Science, is re- 
quired for Secondary School work. 

Commencing salary up to £350 (man) or £200 (woman), non-resident. 
Further particulars and forms of application may be obtained from 
the undersigned. 

C. F. MOTT, 

County Education Offices, Acting Director of Higher Education. 
Stafford, November, 1918. 


UNIVERSITY OF MANCHESTER 

(Faculty of Technology) 


Manchester Municipal 

COLLEGE OF TECHNOLOGY 

APPOINTMENT OF PROFESSOR OF 
TEXTILE TECHNOLOGY 

Applications for the Professorship of Textile Technology in the 
Faculty of Technology of the University of Manchester invited fry 
the City Council and the University jointly, may be received until 
15th January, 1919, the date having been deferred in the interests of 
possible candidates who have been serving with H.M. Forces. 

Salary, £800 a year. 

Conditions of appointment and form of application may be obtained 
from the Registrar, College of Technology, Manchester. 

Canvassing, either directly or indirectly, will disqualify a candidate 
for appointment. 


APPOINTMENTS REGISTER. 


A Register of FELLOWS and ASSOCIATES 

rl .of the INSTITUTE OF CHEMISTRY who are available for 
Appointments is kept at the Offices of the Institute. Applications for 
the services of Chemists should be forwarded to The Registrar, The 
Institute of Chemistry, 30, Russell Square, London, W.C. i. 

COMPETITIVE ESSAYS on “ EXPLOSIVES.” 


'T'he DORSET FIELD CLUB announce that 

^ the CECIL MEDAL and PRIZE of £10 will be awarded in 
May, 1919, for the best paper on " Explosives used in Warfare from 
the time of the Crusades to the present War, giving details (unobjec- 
tionable from a military point of view) of each invention, and the 
chemical proportions of the substances used in each case, commencing 
with gunpowder and Greek fire.” Open to any person between the 
ages of 17 and 35 on May r, 1919, either born in Dorset or resident not 
less than one year between May i, 1917, and May 1, 19 9. 

Particulars from Mr. H. Pouncy, Midland Bank Chambers 
Dorchester. 


ORDER THE PAPER. 

In consequence of the “ Ho Returns Order ” of the 
Government, readers of the “ Chemical News” are 
requested to ensure a regular supply of the paper by 
placing an order with their Newsagent. 
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THE CHEMICAL NEWS 

Vol. CXVII., No. 3063. 


SPECIAL NOTICE TO SUBSi FIBERS. 


The recent paper restrictions have compelled us 
o publish only fortnightly instead of weekly for a 
time, but we are now glad to be able to announce 
that we are to be alldwed a further supply of paper, 
which will enable us to revert to weekly publication 
in the near future. 

Beginning with No. 3064, to be published on January 
3, 1919, the Chbmical Nbws will again appear weekly, 

and the dates of expiration of subscriptions will be 
adjusted accordingly. 

Individual notices will be posted to subscribers, or 
their agents, on the expiration of their subscription 
periods. The price will remain unaltered, viz., £1 
for fifty-two numbers, or pro rata . 


CRITICAL PHENOMENA. 

By WILLIAM R. FIELDING, M.A., M.Sc. 

About two years ago the author attempted to obtain a 
general formula connecting the critical temperature of a 
gas and ita critical prestare, and although he met with a 
certain measure of success the exigencies of the present 
times necessitated that he should put the problem on one 
side until a more convenient season. But in the Chemical 
News (1918, cxvii., 228) the very question was referred 
to, E. Aries applying a formula be had obtained for the 
argon elements to obtain the critical data ot the monatomic 
gas mercury. 

As 1 have calculated the critical data of most of the 
elements and several compounds, I have decided to place 
my conclusions before the readers of the chemical world. 
The present paper was originally based on results not yet 
published, in which the author proved that for inorganic 
elements and compounds the 

C.T. - (1714 x B.P.) + 3-3° 

(all temperature readings being on the absolute scale). 

At comparatively low temperatures this formula is not 
quite correct, but as the temperature rises it becomes more 
generally correct (Table I.). 

Table I. 



C.T. 

B.P. 

C.T./B.T. 

H 

•• 38'5 

20*5 

I 88 

F.. .. 

. . ? Il8 

? 86 

x*37 

N 

. . 127 

77 3 

1 64 

0 .. .. 

*54 

905 

*7 

A.. .. 

1556 

87 

1*79 

Kr .. 

.. 2105 

121*3 

*73 

X.. .. 

. . 2878 

164 

*75 

NH 3 .. 

.. 404 

2396 

1*69 

Cl 

4*4 

239*4 

172 

HaO .. 

.. 643 

373 

172 


These examples are given so as to justify the assumption, 
baaed on evidence which egonot now be given, that the 
critical temperature of a substance is obtained by multi 


plying iu boiling-point on the absolote scale by 171. For 
carbon the critical temperature is about 6500 on the 
at solute scale, equal to, or slightly higher than, the tem- 
perature of the son itself. 

The next question to be settled is, “ What is the relation 
between the temperature and the pressure at the critical 
temperature ? ” If we plot critical temperatures against 
critical pressures we shall find that all sobstaoces & not 
lie on one curve ; bat the argon elements appear to lie on 
one curve ; hydrogen, fluorine, chlorine, &c., on another. In 
fact, there appears to be a separate curve for each groor 
of elements or similarly constituted compounds. 


Thi Halogen Compounds. 

QT 

After frequent trial I found that * ~ constat* 

VC.P. 

for this group ; i — 

C.T. of hydrogen -r a C.T. of cfc >e -* 
VC.P. ol hydrogen VC.P. of c*.lorine 


Data. 

H. 

Table II. 

F. Cl. Br. I. 

C.T. 

.. 38*5 

1 18 414 369 783 

C.P. 

.. 15 

(calc, from boiling-point,) 
»5 84 ? ? 



385-* _ 4 * 4 -* 

V 15 V84 

.*. X m -236*2. 


The critical pressures of fluorine, bromine, and iodine 
can now be calculated from— 


2 — 118 + 2362 

V15 VC.P. of fluorine 

m 569 + 236 2 

VC.P. of bromine 
m 783 •- 236 2 

VC.P. of iodine 

and prove to be 24*9 (observed C.P. 25 atmos.), 128*9, and 
206*4 atmos. respectively. The results are given in 
Table III. 


Table III. 


C.T. 

C T. 4 736-*. 

C P. 

'C.P. 

C.T 4*3 6j. 

VcTp. 

II .. 385 

2 74 7 

*5 

3 87* 

7092 

F .. 118 

354 * 2 

2 5 

5 

7084 

Cl .. 414 

650*2 

84 

9 165 

7 ° 94 

Br .. 569 

805*2 

128 9 

11-35 

70-94 

1 .. 783 

1019-2 

206-4 

* 4 * 3 ® 

7°*97 

Mn.. 3694 

393 ° a 

3 ° 7 2 

555 

709 

Also — 

X .. 287 8 

5 2 4 

57*2 

7-563 

70 

(neatly) 

N . . 124 

360*2 

2 7 

5 -a 

7 ° 

(Matty) 


If critical data respecting two elements in any group 
is known, the critical temperature and pressure of every 
other element in that group can readuy be calculated. 
Excepting the argon group, in no other groop is this data 
available. Nitrogen and oxygen are the only elements in 
their respective groups whose critical temperatures and 
pressures have been observed ; farther, there is no avail- 
able data respecting any metallic element. Another 
difficulty is the conflicting data ; t.g., tbs critical pressure 
of nitrogen is given as 27 and 35 atmospheres. Can we 
obtain any information from the compounds of substances 
whose critical data we wish to calculate ? Taae, first, the 
compounds of the halogen element! (including hydrogen) 
with eseh other (Table IV.). 
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HH. 

B. P 20*5 (Obi.) 

C. T 38*5 (obs.) 

C.P 15 (obs.) 


Table IV. 

HF. HCl. 

293 4 (obs.) 189*3 (obs.) 

498*8 (calc.) 325 (obs.) 

? 93 (obs.) 


HBr. HI. 

200 (obs.) 239 (obs.) 

340 (calc.) 406 (calc.) 


Table VII. 



C.T. 

C.P. R. 

C.P. R. 

C.P. R. 

H a S .. .. 

373 

92 (obs.) 0-8 

100 (obs.) 0*74 

100 (obs.) o*74 

HaSe .. .. 

410 

104 (calc.) o*8 

1x1*3 (calc.) 0746 

1 12 (calc.) 074 

HaTe . . . . 

464 

1227 (calc.) 0-8 

128-6 (calc.) 0-76 

130 5 (calc.) 0-747 

H 2 0 . . . . 

643 

196 (obs.) 0*78 

196 (obs.) 0-78 


HaO .. .. 

638 



200*5 (obs.) 0*76 

H a S . . . . 

373 

94*6 (calc.) 0*78 

90 (obs.) 0 82 

94-5 (calc.) 0781 

HaSe .. .. 

. . 410 

106 3 (calc.) 0*78 

106 (calc.) 0*78 

X07 (calc.) 0776 

H a Te.. .. 

464 

1247 (calc.) 0*78 

125*4 (calc.) 078 

126 icalc.) 0*774 

HaO . . . . 

643 

196 (obs.) 0*78 

196 (obs.) 078 

20X*5 (calc.) 0763 


Then — 

= 3^5 -* 

V15 V93 

X - -153-6 

38*5 + 153-6 m C.T. of substance +153*6 
V15 V C.P. of substance 


Therefore, 'the C.P. of HF, HBr, HI are probably 173*4, 
99, 128-8 atmos. respectively. (These values will be 
slightly readjusted later). How does the observed C.P. 
of HCl compare with the C.P. calculated from hydrogen 
and chlorine; i.*., from the formula — 


C.T. 

C.P. 


C.T.+2£2 m ? 

VC.P. 

H. HCl. Cl. 

38-5 325 414 

«5 93 84 

... 38-5_-X _ 4I4_ X 
Vl5 V84 

.*. X — - 236 2. 


Therefore : + 2 3 - b ' . 2 = 70 9 (or H, HCl, and Cl. 

VC.P. 


C.P. of HCl — 62*7 atmos, 

- § of the observed result. 


We have already calculated the C.P. of HBr to be 99 
atmos. ; but if we calculate it from the critical data of H 
and Br it is 66 atmos. ; i,e., § of the correct value. 

This is, for HCl, HBr, HF, and HI, the ratio of— 

C.P. (calculated from the constituents) __ ^ netr |y 


In future we will refer to this ratio as R. The fact that 
a similar relationship exists all through a group of similar 
compounds is helpful in confirming the C.P. of the con- 
stituent elements. 

N, P, As, Sb, Bi. 

Tbe following data is available : — 

N. P. As. Sb. Bi. 

C.T. 124 959 (calc.) xo76(calc.) 3x84 (calc). 2904 (calc.) 
C.P. 27 ? ? ? ? 

If tbe critical pressure of phosphorus had been known 
we could easily have calculated the critical pressures of 
arsenic, antimony, and bismuth. I have arranged the 
critical data of tbe elements (as far as known) in Table V. 



Table V. 

C.T. C.P. 

H .. .. 

385 

15 

F .. .. 

1x8 

25 

N .. .. 

124 

27 

O .. .. 

154 

50*8, 58 

A .. .. 

155-6 

52’9 

Kr . . . . 

210-5 

- 54*2 

X .. .. 

287-8 

57*2 ' 

Cl . . . . 

414 

84 

, Br .. .. 

569 

129 

; 1 

783 

206 

p .. .. 

959 

> 

' As ... . 

1076 

? 

| It will be noticed 
critical temperature. 

that the critical pressure rises 

We have already seen that for nitrogen— 

124+236*2 _ 

S27 

70 nearly. 


By slightly adjusting the C.T. or C.P., or both, 
nitrogen would behave as if it were in the halogen family 
and would support the view that — 

C.T. + 236 -2 ^ 7 o 9 

VC.P. 

applies to all elements, whatever the group. For example, 
the observed critical temperature of nitrogen is 124 and 
127. If it had been 130 the calculated critical pressure 
would have been 26*63 (observed C.P. 27 atmos.). If it 
had been 132*2 the calculated C.P. would have been 
exactly equal to the observed. Further, the ratio of the 
C.T. to the B.P. would then be 1*71 (instead of 1*64 as at 
present). 

The critical pressures of phosphorus, arsenic, antimony, 
and bismuth were now calculated from what we shall 
regard as a general formula, and proved to be 284, 342, 
2327, i960 atmos. respectively. 

To confirm these results I calculated R for their 


hydrides. 

Thi Hydridts of N, P, As, Sb. 


NH«. PH 8 . AbH*. SbHg. 

C.T... 

C.P... 

• • 404 3*° 396 (calc.) 435 (calc.) 

.. 113 64 ? ? 

Then — 

404 —X _ 320 -X 


VIX3 V64 

X - 64-5. 

Therefore — 


404 i fra - 319. 

V113 


Digitized by ^.ooQle 




Critical Phenomena. 


Chemical News, i 
Dec. so, 1918 1 


38! 


The critical pressure of AsH 3 - 395^4V5 

- 31*9 

v'C.P. 


.*. vcTp. 

- 104 

.*. C.P. 

- xo8 

The critical pressure of SbH 3 - 43 5“ 6 _4’5 

- 3*9 

v'C.P. 


.*. v'C.P. 

- ii*6x 

.*. C.P. 

- *35 


The critical pressure, of NH S , PH 3 , AsH 3 , SbH 3 were 
next calculated from their elements ; from the general 
formula, and proved to be 81*5, 61*5, 79*5, 89*6 atmos. 
respectively. The results ire given in Table VI. 


Table VI. 



C.T. 

C.P. 

C.P. 

(from elements) 

R. 

PH, .. 
AsH 3 . 

• • 320 

64 

6**5 

0*96 

.. 396 

108 

79*5 

0 73 

nh 3 .. 

.. 404 

113 

8**5 

0*72 

SbH 3 . 

•• 435 

*35 

896 

o*66 

1 this group of hydrides the value of R decreases with 


a rise in the critical temperature. 

Oxygen, Sulphur, StUuium , Tellurium . 

O. S. Se. Te. 

C.T... 154 i22o (calc.) 1637 (calc.) 2827 (calc.) 

C.P... 51,58 ? ? ? 

From the curve and from the general formula the critical 
pressure of oxygen, corresponding to a C.T. of 154, 
should be 30*25 atmos. 

*54+23^2 _ 

v'C.P. 

.*. C.P. - 30*25 

Why this is so different from the observed result I cannot 
say ; but it is rather remarkable that the observed C.P. of 
oxygen (51) is the C.P. corresponding to 262, which is the 
critical temperature of osone. This is probably merely a 
coincidence, for in the argon group xenon is the only 
element which fits in with the general scheme. 

From the formula, the C.P. of sulphur, selenium, and 
tellurium are 422, 698, 1866 atmos. respectively. 

Each element forms a compound with hydrogen ; but 
unfortunately the critical data respecting these hydrides is 
very unreliable ; e.g., the C.P. of H a S is 90, 92, and 100 
atmos 1 

Calculating from their elements, the C.P. of H*S, H a Sc, 
H a Tc, H*0 are 73*83, 83 06, 97 5, and 15375 atmos. 
respectively. 

What are the probable C.P. of these compounds ? 

HjS. HfSe. HjTc. HaO. 

C.T. . . 373 410 464 (calc.) 643, 63b 

C.P. .. 90,93,100 91 ? ? 196,300*5 

From the relationship— 

C.T. of HaSj- X _ C.T. of H a 0 - X 
VCTPToT H a S vC.PTof H a 0 

I found X for the series and then the critical pressures of 
HjSe and HjTe. If the C.P. of HaS and H a O are 92 
and 196 respectively, X— -214, and C.P. of H 4 Se and 
HjTe are 104 and 1227 atmos. respectively. If C.P. of 
H a S and HaO are 100 and 200*5 respectively, X— -267 
and the C.P. of H a Se and HaTe and 112 and 130*5 
respectively. The results are given in Table VII. 

When the critical pressures of H a S and HaO are 94*5 
and 2oi*5 atmos. respectively, X foe the series is - 214. 


The Hydrides of Carbon and Silicon . 

The critical temperature of silicon tetra-hydride is stated 
to be about o° C. (Ogiet, Comptes Rtndus , 1879, Ixxxviii., 
236), and as a pressure of 100 atmos. is required to con- 
dense the gas at — 1° C., 70 atmos. at - 7 0 C., and of 50 
atmos. at — ii° C. the C.P, of SiH 4 will evidently be 
about 105 atmos. 

ch 4 . S1H4. 

C.T 199 273 

„ C.P 57 105 

From — 

*99 -X _ 273 -X 
v 57 V105 

X - —8. 

The Value of X in the Series 0/ Hydrides . 
Halogen family . • .. —153*6 
Oxygen „ .. .. -214 

Nitrogen „ .. .. +64*5 

Carbon „ . . . . - 8 

Difference .. .. 218*1 206 

As there is no critical data respecting, say, the chlorides 
of these elements, it is impossible to say whether the dif- 
ference in the values of X in alternate groups should be 
coincident or not. Probably the only value of X in 
dispute is that for the halogen acids, derived from HH 
(not an acid) and HC1. If X in this scries proved to be 
-141*5 then tbe difference in the value of X in alternate 
groups would be the same (*.#., 206). This change in the 
value of X would necessitate a slight readjustment in tbe 
critical pressures of the halogen acids, for now— 

C.T._of HCl-f 14**5 . C.T\ofHI + 141-5 
v'93 v'C.P. of HI 

The C.P. of HC1, HBr, HI, HF will be 93, 99, 128, 
175 ; and R will be 0*674, o*66, 0 64, o*6i respectively. 
Table VIII. epitomises the results we have obtained 


so far. 









Table VIII. 




C.T. 

C.P. 

Halogen 

family. 

Oxygen 

family. 

Nitrogen 

family. 

Carbon 

family. 

H. 

385. 

15 - 

R. 

R. 

R. 

R. 

CH 4 .. 

*99 

57 

— 

— 

— 

066 

SiH 4 .. 

273 

105 

— 

— 

— 

O 52 

PH 3 .. 

320 

64 

— 

— 

0*96 

— 

HC1 .. 

325 

93 

O 674 

— 

— 

— 

HBr .. 

340 

99 

o*66 

— 

— 

— 

H a S .. 

373 

94*5 

— 

0781 

— 

— 

AsH 3 .. 

396 

108 

— 

— 

0 73 

— 

NH, .. 

404 

**3 

— 

— 

072 

— 

HI.. .. 

406 

128 

0*64 

— 

— 

— 

H*Se .. 

4 *o 

*07 

— 

0776 

— 

— 

SbH 3 .. 

435 

*35 

— 

— 

0 66 

— 

H a Te .. 

464 

126 

— 

0 774 

— 

— 

HF . .. 

499 

*75 

0 61 

— 

— 

— 

H a 0 .. 

638 

201*5 

— 

0 763 

— 

— 


The critical data of the chief elements (Table IX.) is 
calculated from — 

£\L± a 3 . 6 'j - 70*9. 
v'C.P. 

(E. Aries calculated the C.T. of mercury vapour to be 
1077° C. and the C.P. 420 atmos.). 

Critical Data of Organic Compounds. 

Data respecting several series of organic compounds is 
available, and in every case the critical pressure decreases 
as the critical temperature increases. Only occasionally 
does— 

C.T. -X , 

VCJP, 

give satisfactory results ; more often the product 
C.T. x v'C.P. gives closer agreements. 
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Table IX. 




B.P. 

C.T. 

C.P. 

H . 


20*5 

38*5 

*5 

F.. 


86 

1x8 

25 

N.. 


77*3 

* 3 ° 

26*63 




124 

27-5 

O.. 


905 

*54 

5* (30*25) 

A.. 


86*9 

155-6 

52*9 

Kr 


121*3 

210*5 

54*2 

X.. 


163-9 

287*8 

57*2 

Cl . 


239*4 

4*4 

84 

Br 


332 

569 

129 

I .. 


457 

783 

206 

P.. 


563 

959 

284 

Hg 


630 

1071 

340 

As . 


633 

1076 

342 

S.. 


718 

1220 

422 

Cs 


943 

I603 

676 

Se 


963 

*637 

698 

Rb 


969 

1647 

705 

K . 


1030-5 

1752 

786 

Cd 


105 X 

*787 

814 

Na 


1 150-5 

1956 

935 

Zn 


1191 

2025 

1017 

Mg 


*393 

2368 

*349 

Be 


1500 

2550 

*544 

T 1 . 


*553 

2640 

1645 

Te 


1663 

2827 

1866 

Li . 


1673 

2844 

1887 

Bi . 


1708 

2904 

i960 

Pb 


1798 

3057 

2158 

Sb 


*873 

3*84 

2327 

A 1 . 


2073 

3524 

2812 

Mn 


2160 

3694 

3072 

Ag 


2228 

3788 

3220 

Sn 


2543 

4323 

4*34 

Cu 


2583 

439 * 

4260 

Fe 


2707 

4629 

4708 

C.. 


3773 

6500 

9025 


1 . Hydrocarbons of thi Methane Series .. 

C.T. C.P. VGFT C.T.x VC P. 


199 57 7*55 15^2-45 

3 10 45 6*70 2 °77 

sHia 460-5 33*3 5*77 2657 

6Hi 4 5t>7‘5 30 5*4» 2781 

v8Hi8 569*4 25*2 502 2858*4 

CioHaa 6034 213 4*61 278*7 


1 ChbmIcAl Nsws, 
1 Dec. 20, 1918 


IV. Homologues of Benzene and other Hydrocarbons . 



C.T. 

C.P. 

vin>. 

C.T.x VC 

c 6 h 6 .. .. 

554 

50- 1 

7-08 

3922 

CeH 5 CH 3 . . . . 

593-6 

41*6 

6-45 

38287 

C6H5.C2H5 . . 

619-4 

38 * 

617 

38217 

C 6 H 4 (CH 3 )a, O’ 
xylene . . . . 

631-3 

36 9 

6075 

3835-1 

C 6 H 3 (CH 3 ) 3 . 1.3.5- 
mesitylene . . 

6435 

33*2 

5762 

36878 

C6H 5 (CH 3 ) 3 , 1.2.4- 

pseudo- cumene . 

6542 

33*2 

576a 

37695 

o-Xylene • . . . 

V. 

631-3 

36'9 

6075 

3835-1 

m-Xylene . . . . 

618-6 

35*8 

5 983 

3701-1 

^-Xylene . . . . 

6174 

35 

5-916 

3652-5 

Methyl benzene .. 

VI. 

593 6 

41*6 

6-45 

3828 7 

Ethyl benzene . . 

619-4 

38 1 

6*17 

38217 

Propyl benzene . . 

6386 

32 3 

5683 

3629 

Isopropyl benzene 

6356 

322 

5 674 

3606-4 

Butyl benzene 

? 653 ? 

3x2 

? 5*585 t 3647 

Isobutyl benzene. . 

650-I 

31* 

5*58 

3627*6 

Methane . . . . 

VII 

*99 

57 

7*55 

I 502*5 

Phenyl methane.. 

5936 

4 * 6 

6'45 

38287 

Diphenyl methane 

77 ° 

28-2 

5 * 3 * 

4088*7 

Phenyl methane . . 

VIII. 

593 6 41 6 

645 

3828*7 

Phenyl ethane .. 

619-4 

38* 

6x7 

3821 7 

Phenyl propane . • 

6386 

32 3 

5 683 

3629 

Phenyl butane . . 

? 653 ? 

3**2 

? 5’585 ? 3647 

Benzene . . • . 

IX. 

554 

50- 1 

7*08 

3922 

Diphenyl . . . . 

7686 

3**8 

5 64 

4334 * 9 * 

Naphthalene 

74**2 

39*2 

6 26 

46399 


X. Comparison of the First Member oj Different Series 
of Hydrocarbons . 

(Arranged in order of increasing unsaturation). 


Methane . . . . 

*99 

57 

7*55 

15025 

Ethylene . . . . 

283 

58 

7-62 

21565 

Acetylene . . . . 

3 *o 

68 

825 

2557*5 

Benzene . . . . 

554 

50* 1 

7*08 

3922 


Conclusions. 

i. The formula - T - j~~ 3 6 2 - 7°"9 applies to the 
V<^P. 


Critical Phenomena 


(Note bow the product tends to become constant when 
C4H10 has been passed, when the possibility of 
w somer»sm ha > been passed). 


II. The Alkyl Chlorides and Nitriles. 


HC 1 .. .. 

a • 

325 

93 

9643 

3*34 

CH3CI .. .. 

C2H5CI . . .. 

• • 

415 

76 

872 

36188 


456 

54 

7*35 

335**6 

C 3 HtC 1 .. .. 


494 

49 

7 

3458 

ch 3 cn.. .. 

a • 

543 

47*7 

6*907 

3750-5 

C2H5CN .. 

• • 

5587 

4 i *3 

6*426 

3590*2 

c 3 h 7 cn .. 

e • 

582 

37*4 

6x16 

3559*5 

C3H9CN .. 

• • 

6218 

321 

5-665 

35225 

(Note the "jump 
first methyl group). 

” caused by the 

III. Sttlphid* t. 

introduction of 

HiS .... 


373 

zoo 

zo 

3730 

(CH 3 )*S .. 


504*3 

56**4 

7*49 

3777*2 

(CH«)(CaH 5 )S 


532-66 

4**9 

6*47 

34463 

CaM 5 )aS .. 


557-6 

47 * 

6*86 

3825 

(C a H 5 )HS .. 


501-3 

63*5 

7*97 

3995 4 


C T —X 

elements and a similar formula — -—-5 " • where X 

L.r • 

and k depend on the series to which the substance belongs, 
applies to inorganic compounds. £■ Aries has calculated 
the critical data of mercury vapour from the behaviour of 
krypton, argon, and xenon, the two first of which, like 
oxygen and helium, behave in an irregular manner and do 
not lie on the critical curve. 

2. The C.T. and C.P. of compounds are not the sums 
of the C.T. and the C.P. of their constituents ; but in 
inorganic compounds, as the C.T. rises the C.P. rises, and 
the value of R falls (in any particular series of similar 
compounds) ; whereas in organic compounds as the C.T. 
rises the C.P. falls, and the value of R rises (in any par- 
ticular series of similar compounds). 

3. In the case of bensene derivatives the value 
C.T. x VC.P. is highest for the ortho-position and lowest 
for the para-position. (Com pare the xylene, Series V.). 

4. The value of C.T.x VC.P. is slightly higher for the 
normal than for the iso-position. (Compare Series VI.). 

5. As the number of benzene rings in a compound in- 
creases so does the value of C.T.x VC.P. (Compare 
Series IX.). 
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6. The substitution of one phenyl radical for H in a 
methane molecule raises the value of C.T.x VC.P. ; the 
introduction of a second phenyl radical raises the product 
of C.T. x yC.P. still farther. (Series VII.). 

7. The introduction of one methyl ra dical into the 
benzene ring reduces the value of C.T. x v'C.P. ; a second 
methyl (in the ortho-position) causes no further change ; a 
third methyl radical probably causes no further change (if 
the methyl radicals are in the 1.2.3 posit ions). 

Compart tkt Tri-methyl Benzenes. 

1.2.3- Hemi-mellitene . . .. ? ? ? ? 3840 

1. 2. 4- Pseudo- cumene .. .. 654*2 33*2 5762 3769*5 

1.3.5- Mesitylene 6435 33*2 5*762 3687*8 

8. In the case of a benzene ring with a side-chain 
(Series VI.) the value of C.T. x v'C.P. will probably tend 
to become constant when the possibility of isomerism haj 
become established. (C/. methyl and ethyl benzenes with 
propyl and butyl benzenes. Series VI.). 

The constants quoted in this paper are taken from 
standard text-books and from the Journal oj the Chemical 
Society , 1893, Abst., II., p. 446; 1903, Abet ., p. 545; 
1902, Abst., pp. 195 243, 303 ; 1906, Trans. t Ac. 


VOLUMETRIC ESTIMATION OF THE SULPHION. 

By R. HOWDEN, B.Sc. 

A rapid method for the estimation of the S 0 4 ion 
has long been a desideratum, and the following volu- 
metric process may under certain conditions prove to be 
useful. The method is based on the decomposition of 
soluble alkaline sulphate by insoluble barium carbonate, 
generating alkaline carbonate which can be estimated by 
alkalimeuic titration. 

Let us assume that the solution we arc dealing with 
contains sodium sulphate. Heavy metals or calcium can 
be precipitated by excess of sodium carbonate and filtered 
off. The solution most be made exactly neutral if not so 
to begin with, using methyl-orange as indicator. A lew 
drops of pbenol-pbthalein solution and excess of pore pre- 
cipitated BaC 0 3 shaken up with water are added. Doable 
decomposition takes place with the formation of BaS 0 4 
and NsaC 0 3 , and the solution becomes red. Decinormal 
HCI is now run in from a burette till the red colour 
vanishes. This requires somewhat more than half the 
theoretical quantity of standard acid, and furnishes a fair 
approximation to the amount of sulphate present in the 
solution. To obtain a more exact result the insoluble 
barium salts are now filtered o0, the filter washed, and the 
titration completed on the filtrate, using methyl-orange as 
indicator. If preferred an aliquot portion may be passed 
through the filter and titrated. 

The preliminary addition of standard acid to the 
unfiJtered solution appears to be necessary in order that 
the reaction may run its full course, but the addition of 
acid should not be continued beyond the discharge of the 
red colour, so as to avoid the danger of bringing Ba into 
solution as acid carbonate. 

The method as above outlined does not claim to be 
more than a good approximation, as it is found on letting 
the solution after titration that small quantities of both 
Ba and SO4 are present. These two sources of error are, 
however, compensatory, and the following results show 
that a very satisfactory degree of accuracy can be 
obtained : — 

5 cc. of approximately N/xo K a S0 4 required 4*9 cc. of 
N/10HCI. 

10 cc. of approximately N/10 K a S 0 4 required 9*8 cc. of 

20 ce. of approximately N/xo K a S 0 4 required 19*6 cc. of 
N/10 HCI. 

Oosfortb, NewcMtlt-on-Tyuf. 


CHEMICAL TECHNOLOGY AT THE IMPERIAL 
COLLEGE OF SCIENCE. 

In order to meet adequately the prospective requirements 
of the post-war situation, it is proposed to reorganise the 
Department of Chemical Technology so as to include the 
following four principal sections 

A. Fuel Technology and Chemistry of Gases t toith 
Refractory Materials . 

It is suggested that this group of subjects shall be 
I located in the existing Fuel Block, considerably enlarged 
and extended so as to provide accommodation for the 
following subjects : — (a) General fuel technology, and the 
constitution of peats, lignites, and coals ; (b) the carboni- 
sation of coal and wood distillation ; (c) the chemistry of 
coal tar, ammonia, and the manufacture of intermediate 
products from coal tar ; (d) the chemistry of gases and 
technical gas catalysis, with special reference to the new 
developments in the manufacture ot ammonia, nitric acid, 
sulphuric anhydride, Ac., resulting from the war ; (e) re- 
fractory materials, clays, earths, ard sands, u*ed in 
furnace construction and the manufacture of ceramics, 
glass, and cements; and (f) technical analysis connected 
with the foregoing. 

The arrangements contemplated under (e) would include 
some provision for investigating the materials used in the 
manufacture of optical glass, which it is hoped will be a 
useful adjunct to the new Department of Technical 
Optics ; those under ( b ) meet the need of an adequate pro- 
vision being made in this country for the scientific study 
of wood distillation, Ac., in the interests of India and 
the Empire generally ; and those under (a) will provide 
for an extension of the investigations on lignites which 
have already been conducted daring the war, in the 
interests of the Dominions. 

B. Chemical Engineering. 

This section will be provided with suitable drawing 
offices and laboratories for advanced study and investiga- 
tions upon : — 

(a) The materials and principles involved in the design, 
construction, and use of plant for general factory opera- 
tions. (6) The design and construction ot foundations, 
Ages, chimneys, &c. (c) Factory economics and organi- 
sation. 

The underlying idea of this section of the department's 
work is that students shall be trained in the working out 
of designs of commercial plant from their own notes and 
experimental work, including the drawing up of plans and 
specifications, and the organisation of factories in which 
the above-mentioned operations are carried out. 

C. Electro-Chemistry . 

This section will be developed so as to include broadly 
the principal applications of electricity to chemical in- 
dustry, and especially to the many processes which arc 
dependent upon the electrolytic or ionising actions of 
currents. These include, inter alia , the manufacture ot 
caustic alkalis, chlorine, hypochlorites, Ac. ; “peroxi- 
dised ” products such as persulpbates, perchlorates, 
permanganates, Ac. ; also white lead, and such metals as 
sodium, magnesium, aluminium, calcium, and electrolytic 
M reduction ” and “ oxidation ” of organic substances. 

D. Technology of Carbohydrates , Fals t Oils , and Rubber . 

The selection of the subjects to be included under this 
section has been largely influenced by two considerations, 
namely: — 

(1) The already large provision fa) in Manchester, 
Leeds, and Huddersfield, for advanced study and research 
upon Dyes and Tinctorial Chemistry, as applied to the 
great textile industries of the country ; (b) in Leeds and 
in London in connection with the leather industries ; and 
(c) in Birmingham in respect of the terwauation in- 
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d os tries ; and (2) the lack of any really adequate pro- 
vision in this country for the needs of equally important 
branches of industry which depend upon the extraction 
and refining of certain well defined groups of natural (and 
chiefly vegetable) raw materials. 

The technology of the following group of natural pro- 
ducts has been selected because of their increasing 
economic importance, and of their close relationships with 
the work already developed in the Botany Department. 
It can scarcely be doubted that the study and investiga- 
tion of their chemical properties, treatment, and uses will 
constitute an important link with the economic develop- 
ment of the vegetable resources of the Empire. The 
products in question are as follows: — (i.) Celluloses, 
sugars, starches, gums, dextrine, and resins ; (ii.) animal 
and vegetable oils and tats, and the manufacture of 
glycerin, soap, and food products (*.g., margarine) there- 
from ; (tii.) rubber, and similar materials. 

The additional financial requirements for the develop- 
ments outlined above are estimated at £100,000 for 
buildings and equipment, and not less than £10,000 a 
year for maintenance and working expenses .—Journal of 
the Society of Chemical Industry, xxxvii., No. 21. 

THE 

SOCIETY OF BRITISH SCIENCE STUDENTS* 

The principal object of the Society is to strengthen the 
relations between the younger students of science in thii 
country by means of meetings, lectures, and publications, 
and by all other suitable measures. The Society will co- 
operate with other kindred associations tending to 
encourage a more intimate understanding between 
students of science in all its branches. It will endeavour 
to make arrangements regarding books, periodicals, and 
apparatus, and it is hoped that at some future date a 
journal will be instituted. Information will be collected 
Dy the Secretary and other officials of the Society, of im- 
portance to the science student, such as that relating to 
posts, scholarships, colleges, &c. The Society will 
endeavour to secure privileges for its members in regard 
to other societies, and will, as far as possible, safeguard 
the interests of the science student as a class. Students 
unfortunately placed in any way will be helped, and 
schemes will be considered for helping those of our 
members in the Forces whose Btudies have been retarded 
by the war. It is an essential part of the scheme that all 
sciences should be represented in the Society. 

At a meeting held on July 15, in the library of the 
Chemical Department cf the Northern Polytechnic In- 
stitute, London, by kind permission of the Principal, Dr. 
R. S. Clay, a temporary executive with the following 
composition was elected : — President, Lieut. Bennett, 
R.E. ; Hon. Gen.*Secretary, Mr. P. E. Owens; Hon. 
Treasurer, Mr. H. Nicol; Pte. Butler; a Lady Repre- 
sentative, 

It was decided that an entrance fee of 38. should be 
payable by each new member. All prospective members 
(including all those who have previously affirmed their in- 
tention of joining the Society) are therefore asked to 
forward this amount to the Hon. Sec., at the address 
below. This fee should be accompanied by a signed 
statement of desire to join the Society, and, on the 
Secretary’s request, enough particulars should be given to 
show that the applicant is a genuine student of science. 
The monthly subset iption will be definitely settled by the 
Executive, and will probably be about is. 6d. This sum 
will go towards the expense of carrying out the various 
schemes at present in view, to purchasing periodicals for 
circulation, founding a library, and, later, hirings meeting 
room in London. A certificate of membership will be made 
out to each member. Students of all sciences and either 
sex are eligible for membership. 

All enquiries should be addressed to the Hon. Secretary, 
P. E. Owens, 28 , Jesse Terrace, Reading. 


ORDERS OF MINISTRY OF MUNITIONS. 

Sulphuric Acid. 

The Minister of Munitions, in exercise of the powers 
conferred upon him by the Defence of the Realm Regula- 
tions, and of all other powers enabling him, hereby orders 
as follows : — 

1. As on and from November 1, 1918, the maximum 
prices for Sulphuric Acid fixed by the Sulphuric Acid 
(Amendment of Prices) Order, 1918, shall cease to be 
operative, and such Order shall be deemed to be cancelled, 
but such cancellation shall not affect the operation of that 
Order up to October 31, 1918, nor the liability to any 
penalty or punishment in respect of any contravention or 
failure to comply with the Sulphuric Acid Order, 1917, as 
amended by the Sulphuric Acid (Amendment of Prices) 
Order, 1918, occurring prior to November 1, 1918, nor any 
proceeding or remedy in respect of such penalty or 
punishment. 

2. As on and from November 1, 1918, the maximum 
prices for Sulphuric Acid specified in the schedule to this 
Order shall be deemed substituted for those specified in 
the schedule to this Sulphuric Acid Order, 1917, and such 
last-mentioned Order shall accordingly operate and have 
effect as though the prices specified in the schedule hereto 
bad originally been fixed by the said Order as the maxi- 
mum prices to be charged or received tn payment by 
manufacturers of Sulphuric Acid or agents of such manu- 
facturers for Sulphuric Acid supplied by or through them 
on or after November 1, 1918. 

3. This Order may be cited as the Sulphuric Acid 
(Amendment of Prices) No. 2 Order, 1918, and as from 
November 1, 1918, the Sulphuric Acid Order, 1917, and 
this Order may be cited together as the Sulphuric Acid 
Orders, 1917 18. 

(Note. — All applications in reference to this Order 
should be addressed to the Director of Acid Supplies, 
Ministry of Munitions of War, Department of Explosives 
Supply, Storey’s Gate, Westminster, S.W. 1). 

Schedule . 

Maximum Prices for Sulphuric Acid. 

1. Weak acid, i.e., acid of all strengths up to and in- 

cluding 90 per cent H 2 S 0 4 . 

Class A. Arsenical acid. Max. price per ton, 88s. For 
acid of 140’ Tw. at 6o° F., with an increase or 
reduction of 6d. in respect of each complete degree 
Twaddell by which specific gravity is more or less 
than 140° Tw. at 6o° F. 

Class B. Non-arsenical or de-arsenicated acid. Max. 
price per ton, 105s. For acid of 140° Tw. at 6o° F., 
with an increase or reduction of 7d. in respect of 
each complete degree Twaddell by which the 
specific gravity is more or less than 140° Tw. at 
6o° F. 

2. Concentrated acid, i.e., acid of all strengths over 90° 


per cent H 2 S0 4 . 

Maximum price per too. 

Class D. Do- 

Mono-hydrate (H2SO4). 

Class C. 

arsenics ted or 

Content of acid, 

Arsenical 

acd. 

non-arsenlcal 

acid. 

Per cent. Per cent. 

i 

8 . 

d. 

£ 

s. d. 

Over 90 and up to 91 

5 

19 

6 

7 

5 3 

„ 91 „ 92 

6 

6 

0 

7 

12 3 

» 92 .1 93 

6 

12 

6 

7 

19 3 

93 93 4 ■ 

6 

19 

0 

8 

6 3 

>, 934 .. 94 

7 

2 

3 

8 

9 9 

11 94 i» 944 

7 

5 

6 

8 

13 3 

» 944 *1 95 

7 

8 

9 

8 

16 9 

>. 95 •• 954 • 

7 

13 

9 

9 

2 0 

.1 954 11 96 • 

7 

18 

9 

9 

7 ^ 


Over 96 per cent in both classes, an addition of is. 2d. 
per ton for each complete one-tenth of 1 per cent of 
dditional mono-hydrate. 
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Packages , 

All tbc abova maximum prices are for acid delivered 
inio lank wagon, tank cart, or lank barge at maker’s 
works. 

When the acid maker supplies the railway tank wagons, be 
shall be entitled to make a further charge of not more than 
59. per ton for hire of such wagons, and also to charge 
demurrage on tank wagons detained at the parcnaser’s 
sidings for more than one clear day, exclusive of the days 
of arrival and despatch, at a rate not exceeding 6d. per 
ton capacity per day in respect of each clear day, after the 
first during which the same are so detained. 

When the acid maker supplies the acid tn bis own 
drums he shall be entitled to make a further charge of 
not more than ios. per ton for filling and hire of drums. 
When drums are supplied by the purchaser a charge of 
as. per ton may be made to cover the cost of filling. 

When the acid is supplied in the acid maker’s own car- 
boys, he shall be entitled to make a further charge of £i 
per ton for filling and hire of carboys. When carboys are 
supplied by the purchaser, a charge of 5s. per ton may be 
made by the acid maker to cover the cost of filling. 

Extra Carriage, 

In cases where a maker of sulphuric acid has, in order 
to supply bis customers, to purchase supplies of acid from 
a third party, it will be permissible for him, in so far as 
this is a departure from his normal procedure, to charge to 
his customers any extra cost of carriage thereby incurred. 

Shellac. 

In reference to the Shellac Control Order, 1918, made 
by tbc Minister of Munitions, and dated March 12, 1918, 
the Minister of Munitions hereby orders as follows: — 

1.. As from the date hereof the said Order is hereby 
revoked. 

2. Such revocation shall not affect the previous opera- 
tion of the said Order or the validity of any action taken 
thereunder or the liability to any penalty or punishment in 
respect of any contravention or failure to comply with the 
said Order prior to such revocation, or any proceeding or 
remedy in respect of such penalty or punishment. 

3. This Order may be c\ted as the Shellac Revocation 
Order, 1918. 


PROCEEDINGS OF SOCIETIES- 

ROYAL SOCIETY. 

Ordinary Meeting , November 21, 1918. 

Sir J. J. Thomson, O.M., President, in the Chair. 

The following papers were read : — 

“ The Influence of External Concentration on the 
Position of the Equilibrium attained in the Intake of Salts 
by Plant Cells,*' By W. Stiles and F. Kidd, D.Sc. 

The course of intake of salts by carrot and potato 
tissue has been followed by measuring the changes in 
electrical conductivity of the solution of salt presented to 
the tissue. Concentrations of each salt were employed 
ranging from o*i to 0*0002 normal. 

In the case of copper sulphate exosmosis from the tissue 
exceeds absorption, and this is so with all coneentrations 
of the salt. This is characteristic of toxic substances. 

Carrot tissue absorbs the chlorides of potassium, 
sodium, and calcium in all concentrations employed. 
Absorption takes place at first at a rate approximately 
proportional to the external concentration, but this relation 
is not continued with time as the absorption progresses 
towards an equilibrium condition in which the ratio of 
internal to £ terngl concentration is not constant but 


varies with the concentration. This ratio of internal to 
external concentration we call the absorption ratio. It 
decreases with increasing concentration. With low 
external concentrations, e,g. t 0*0002 N and 0 002 N, it 
is many times unity; with higher concentrations, e,g, % 
01 N, it is less than unity. 

The relation between the final internal and external 
concentrations appears to be given by the adsorption 
equation y - kc>» t where y is the final internal and c the 
final external concentration, but the data presented are 
regarded as inadequate in themselves to justify the con- 
clusion that absorption of salts by the cell is an adaorp 
tion process. 

" The Comparative Rate of Absorption of Various Salts 
by Plant Tissue By W. Stiles and F. Kidd, D.Sc. 

The aosorption of various chlorides, sulphates, nitrates, 
and potassium salts from solutions of 0*02 N concentra- 
tion was measured by the electrical conductivity method 
employed in the investigation recorded in the previous 
paper. 

Kations.appear to be absorbed initially in the following 
order: — K [Ca, Ns] Li [Mg, ZnJ Al. The position of 
ions enclosed within brackets may have to be reveresd. 
This initial order does not indicate, however, the extent 
to which the ions are absorbed when equilibrium is 
reached; the order is then K, Na, Li [Ca, Mg]. The 
chief difference between this order and the initial order is 
in the position of Ca, which is ultimately absorbed to only 
a slight extent compared with K and Na. 

Anions are absorbed initially in the order SO4, NOj, Cl, 
which gives place later to the order N0 3 , Cl, S 0 4 on 
account of the comparatively slight extent to which the 
sulphate ion is absorbed. The difference between nitrate 
and chloride is slight, and no stress can be laid on it. 

These results agree in general with those of Rubland, 
Fitting, Pantanelli, and Troendle using different methods 
and different experimental material. These authors did 
not, however, distinguish between initial rates of absorp- 
tion and the position of final equilibrium. The position 
of final equilibrium appears to be governed by some quite 
different property from that which determines the initial 
rate of intake. 

" Recherche s A natomo Clinique s sur les Nevromes 
T Amputations Douloureux, Nouvelles Contributions d 
T Etude de la Rigeneration Nerveuse et du N eurotropisme .” 
By G. Marinesco. 


Ordinary Meeting , December 5, 1918. 

Dr. J. W. L. Glaisher, Vice-President, in the Chair. 

The following papers were read : — 

“ Electric Potential Gradient and Atmospheric Opacity 
at Kew Observatory .” By C. Chree, Sc.D., F.R.S. 

It has been the practice for many years at Kew Observa- 
tory at the ordinary hours of meteorological observation 
to record the most distant of a selected series of objects 
which is visible at the time. Separate notes are also 
made of the presence of mist or fog. Thus a large 
amount of information has accumulated as to tbc greater 
or less opacity of the atmosphere. The present paper 
utilises the data for a comparison of atmospheric opacity 
and the potential gradient of atmospheric electricity, u 
is found that even for the smallest amount of opacity 
which the observation scheme is able to disclose, the 
value of the potential gradient inersases with the opacity. 
The effect of m st or fog on the potential gradients re- 
corded in winter is large, and there being a Targe diurnal 
variation in the incidence of mist or fog, there is conse- 
quently a noteworthy influence on the character of the 
diurnal variation of potential gradient. 

“ Value of the Secular Acceleration of the Mean Lonri 
tude of the Moon ." By E. Nbvill, F.R.S. 

It ia shown that where the observed errors of the tabular 
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place of the moon are properly corrected for the observed 
errors in the values of the principal coefficients employed 
in Hansen’s Lnnar Tables, the residual errors are such 
as to show that the true value of the coefficient of the 
secular acceleration in the mean motion of the moon can- 
not differ sensibly from the value 6"*2 assigned to it by 
theory, so that it affords no evidence from observation of 
any tidal retardation in the rotation of the earth. 

M . Investigations Dealing with the State of Aggregation . 
Part IV. The Flocculation of Colloids by Salts containing 
Univalent Organic Ions By S. B. Schryver and Nita 
E. Speer. 

The theories dealing with the mechanism of the action 
of salts in flocculating colloids is discussed. According to 
one theory the adsorption of the discharging ion of the 
flocculating salt is the predominant action. If this is the 
case, it might be expected that salts which cause the 
greatest lowering of the surface tension of water would 
exert the greatest flocculating action where water if the 
dispersion medium. A series of salts containing organic 
ions was chosen, of which the normal solutions exhibit a 
wide range of surface tensions, and their flocculating 
action on a number of colloids was investigated. 

In general, no relationship was found to exist between 
this action and the surface tensions of the solutions. In 
one case, however (that of mastic), there was a marked 
parallelism. Attention is called to the fact that two 
classes of Buspensoid colloids might exist. The first class 
comprises those colloids which owe their charge to an ion 
of the salt from which the colloid is prepared, as, for 
example, the chlorine ion attached to a ferric hydroxide 
sol prepared by the hydrolysis of ferric chloride. The 
second class includes colloids in which the charge is due 
to a dissociated labile ion belonging to the colloid proper, 
held electiostatically to a less labile ion, as, for example, 
the mastic colloid, when a hydrogen ion (of the carboxyl 
radicle) is held electrostatically to a large anion. It is 
proposed to designate colloids of the first class exionic , 
and those of the second class endionic . 

“ A Study of the Forms assumed by Drops and Vortices 
of a Gelatinising Liquid in Various Coagulating Solu- 
tions," By Emil Hatschek. 

The paper describes a series of experiments in which 
drops of gelatin sol are allowed to fall into various solu- 
tions. Conditions can be so arranged that gelation takes 
place when any desired shape of the hanging drop or 
vortex thus produced has been attained. The result is 
permanent models of what are only transient forms when 
two liquids are employed, as in the experimental methods 
practised hitherto. If the solutions have a dehydrating 
effect on gelatin, a number of features not produced at all 
with liquids appear, such as radial ribs and membranes, 
or, generally speaking, cross-sections other than circular. 

The conditions can further be varied by the use of 
solutions, or of salts added to the gelatin sol, which lead 
to the production of permeable or semi-permeable mem- 
branes on the gelatin drop. By these means a further 
range of forms can be obtained, such as by-concave discs 
of the shape of the human red blood corpuscle, hanging 
drops showing abnormal profiles and superficial segmen- 
tation, and vortex forms greatly modified by general 
shrinkage. 

Many of the forms obtained in these experiments show 
a close resemblance to those of the simpler organisms, 
both as regards general outline and secondary features. 

PHYSICAL SOCIETY. 

Ordinary Meeting , November 8, 1918. 

Prof. C. H. Lees, F.R.S., in the Chair. 

A paper on “ Low Voltage Arcs in Metallic Vapours " 
was read by Prof. J. C. McLennan, F.R.S. 

The paper describes experiments by Messrs. Hamer and 
Kemp, students of the author’s, at Toronto University. 


■ Chemical News 

1 Dec. to , 19x8 

The experiments show that increasing the temperature pf 
the incandescent cathode lowers the voltage necessary io 
produce arcs in the vapours of mercury, zinc, and 
cadmium. With limed platinum cathodes arcing voltages 
were not obtained as low as with incandescent tungsten 
filaments. With mercury it was found possible to strike 
arcs with voltages as low as 475 volts, and to maintain 
them at 2*84 volts. Corresponding figures for cadmium 
were 5 and 2 volts. To obtain these very low arcing voltages 
it was necessary to use intensely hot cathodes and a 
copious supply of highly heated metallic vapour. With 
moderately heated incandescent cathodes and a moderate 
supply of metallic vapour the arcing voltages were given 
by the Quantum relation V-Ax(i- 5,S)/#, where 1*5, S is 
the frequency of the shortest wave • length in the 
v»i*5 S- m P series. 

Discussion. 

Dr. H. S. Allen, referring to the production of single- 
line spectra, suggested that possibly the non-appearance 
of other lines of the series might be due to the fact that 
in the case of these spectra the plate was necessarily much 
under-exposed, and one was working on the initial slowly 
sloping part of the exposure-density curve. A very faint 
line which produced no appreciable photographic effect 
under these circumstances might, nevertheless, do so if 
the plate were given a preliminary exposure sufficient to 
bring its initial density on to the steep part of the cutve. 

Dr. D. Owen said that the experiments undoubtedly 
showed that these arcs could be struck with voltages less 
than that given by the Quantum relation. The result 
implied that the additional energy came from a source 
other than the battery. The hot cathode was such a 
source, and the question was how did the energy become 
added to that of the battery so as to produce the required 
total E.M.F. ? 

Dr. W. Wilson suggested that the investigations of 
Richardson and his pupils on the work necessary for the 
liberation of an electron from hot bodies, such as 
tungsten, supplied the necessary data from which to 
calculate, on the assumption of a Maxwellian distribution, 
what proportion of the positive corpuscles had sufficient 
energy to liberate an electron on impact with the cathode. 

Dr. Beattie asked what was the magnitude of the 
current in these arcs. He presumed there was a marked 
increase when the are struck. 

The President said he was much interested in the 
explanation of the production of the arc by the impaot of 
the positive electrons on the cathode. This appeared to 
involve that the area of the electrode would have an 
effect on the striking voltage. Had this point been 
investigated ? 

Mr. J. Guild asked what was Prof. McLennan’s ex- 
planation of the continuous spectrum accompanying the 
line spectrum in the case of the brilliant arcs. 

Prof. McLennan, in reply, said Dr. Allen’s suggestion 
was new to him, and ought certainly to be tried. With 
regard to the conversion of the thermal energy of the 
filament, there might be chemical action of some sort 
involved. In reply to Dr. Beattie, the current did in- 
crease when the arc was struck. Speaking from memory, 
its magnitude was of the milliampere order. These arcs 
could be very intense — possibly 50 c.p. 

A paper on “ Relativity and Gravitation ” was read by 
Dr. W. Wilson. 

The motion of a particle in a gravitational field is 
treated from the point of view of the general theory of 
relativity. It is shown that the conations of motion of 
the particle can be expressed in the following Hamiltonian 
form 

dps_ m _ &H 
dr <yx$ 9 

dxj m d 1 H 
dr a/’i * 

where ps is the 5 component of the oovariant 4- vector 
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momentum, x% the corresponding positional co-ordinate, 
and rtbe Minkowskian " Eigenzeit.” A abort outline of 
the Minkowskian Theory of Relativity ia included in~tbe 
paper. 

Discussion. 

Dr. H. S. Allen congratulated the author in expressing 
Einstein's theory in such a comparatively simple way. 

Mr. T. Smith asked what was the physical sgnificance 
of the quantity H appearing in the equations. 

The President asked what physical meaning would 
be attached to the product dx$ dxt when s and t were 
different. 

Dr. Wilson, in reply, said that the quantity H had the 
dimensions of energy, and occupied a position in the 
4-dimensional space-time manifold, similar to that of the 
Hamiltonian energy function in classical dynamics. He 
suggested the possibility that the 1 component of the 
co-variant 4-vector momentum pt of the electron may be 
equal to *A*, where A s is the 4 vector potential in the 
neighbourhood of the electron and # is its charge. He 
could not, without taking up a great deal of time, explain 
the meaning of the terms g*t dx% dxt, f— /—i, in the 
expression for ds*. 

An Exhibition of some experiments on Colour Blindness 
was given by Mr. C. R. Gibson, F.K.S.E. 

The apparatus consisted of a lantern to produce a 
bright beam of white light and a coloured glass which 
could be slipped in front of it, so as to cut out all the red 
rays. Various samples of coloured cloths and ribboos 
arranged in pairs, while quite dissimilar when viewed by 
the white light appeared perfect matches with the screen 
interposed, 4 he conditions then being similar to those in 
the case of a red blind person. He had found in experi- 
menting with wools by this method that many coloured 
wools were unsuitable for the purpose on acoount of 
fluorescence. Thus although no red light fell on them 
from the apparatus, there was plenty of red in the light 
reflected by the wools. In these cases, in order to see 
what the colours would appear to the red blind man, it 
was necessary to have the niter between the wool and the 
eye, and not simply between the source of light and the 
wool. 

Mr. C. C. Paterson mentioned that in the case of 
signal lamps it was possible to tell red from green, quite 
apart from tLeir colour, by looking at them indirectly. A 

K een light got brighter off the line of vision, while a red 
jht got fainter. 

Mr. J. Guild asked what screen was employed. 

Mr. Gibson said that any screen which cut out the red 
was suitable. He had tried gelatin dyed with the Sanger- 
Sheppard minus red. This was good enough for visual 
work, but not dense enough for the lantern. What he 
used was practically the ordinary “ signal green ” glass. 


CHEMICAL SOCIETY. 

Ordinary Muting, Novtmbrr 7 , 1918 . 

Prof. W. J. Pope, C.B.E., F.R.S., President, 
in the Chair. 

The President announced that the Society had lost, 
through death, the following Fellows ; — Edward Frank 
Harrison (died on Service), James Bayne, Joseph John 
Bowley, Harry Broadbent, William Edward Callister, 
William Adam Dixon, Charles Thomas Foreman, Charles 
James Pemeller Fuller, David Smith Jardin, Sydney 
Luptoo, Edward Matthey, Elias Mendoxa, Alfred Senier, 
Walter Dalrymple Severn, John William Shepherd, Henry 
Charles Stephens, Christopher Wilson. 

The Council desires to direct the attention of Fellows 
to the Army Education Scheme which has been prepared 
by the War Office. Under this scheme, an appeal is made 
for voluntary lecturers who would be willing to deliver 
occasional lectures to the troops in the United Kingdom, 


France, or Italy. In accordance with the scheme, the 
lecturers will not receive fees, but all expenses will be 
defrayed. Fellows who contemplate taking part in the 
scheme are requested to communic«te with the Assistant 
Secretary, from whom fuither particulars can be obtained. 

Messrs. W. R. Grist, F. W. Fitzgerald, A. Z. Molteni, 

R. L. T. Clarkson, and W. J. Lund were formally ad- 
mitted as Fellows of the Chemical Society. 

Certificates were read for the first time in favour of 
Lauchlan Henry Pyke Acland, B.A., Island View, Barton- 
on-Sea, Hants; Valentine George Anderson, 31, Victoria 
Avenue, Canterbury, Victoria, Australia ; William Lear- 
mouth Baillie, 70, Hampton Road, Clifton, Bristol ; 
Ernest George Balls, B.Sc., Orford House, Wellington 
Road, Wanstead, E. 11 ; Percy Barrs, 33, Lancaster Park, 
Richmond Hill, Richmond, Surrey ; William Andrew 
Stewart Blaine, B.Sc., Atdbaoa Crescent, Coleraine ; 
John Harold Bright, 157, Greenvale Road, Eltham, S.E. 9 ; 
Hubert Thomas Stanley Britton, B.Sc., Lynn Dene, 
Court Road, Kingswood, Bristol ; Charles Daniel Buckley, 
5a, Gilda Brook Road, Eccles; Jules Cofman-Nicoresti, 
15, Speenham Road, S.W. 9 ; Maurice Copisarow, M.Sc., 
The University, Manchester; Cyril Mur ton Croft, 37, 
Rusholme Road, Putney, S.W. 15 ; Herbert Hector 
Donaldson, 15, Ash Leigh, Anfield, Liverpool ; George 
Zepbirin Dupain, “ Symington,” Parramatta Road, Ash- 
field, Sydney, Australia ; Herbert John Evans, B.Sc,, 7, 
Market Street, Haverfordwest ; James Foster, 59, 
Elizabeth Street, North Woolwich, E. x6 ; Alfred Edwin 
Gates, 32, Conway Road, Luton ; Herbert William 
Gepp, Hobart, Tasmania ; Geoffrey Gladding, M.Sc., 4, 
Heaton Road, Heaton Norris, Stockport ; George Grant, 
" Tinniver,” Balmoral Avenue, Cathcart, Glasgow; John 
Russell Green, B.Sc., 2, Belmont Park, Lee, S.E. 13; 
William Dutbie Haigh, B.A., B.Sc., 15, Cavendish 
Avenue, Church End, Finchley, N.; Harry Hepworth, 
M.Sc., Nobel's Explosives Co., Stevenston ; Herbert 
Leslie Howard, 44, Disraeli Road, Forest Gate, E. 7 ; 
William Claude Jago, 17, Wilbury Avenue, Hove, B.O., 
Brighton ; Cosmo Johns, Burngrove, Pittsmoor Road, 
Sheffield ; Clifford William Judd, B.Sc., 4, Maythorne, 
Ardrossan Road, Saltcoats, B.O., Ayrshire ; Frederick 
John Kettel, 47, Limes Road, Beckenham, Kent ; Thomas 
Kilby, 1, Westfield Road, Toller Lane, Bradford ; Norman 
Victor Sydney Knibbs, B.Sc., The Hostel, Langwitb, 
Mansfield ; Ernest Alfred Littlewood, 12, Brookfield Road, 
Crumpsall, Manchester ; Shih Chen Loo, 70, High Lane, 
Chorlton - cum - Hardy, Manchester ; John Armour 
McKerrow, M.A., B.Sc., 2, Kymer Villas, Kidwelly, 
Carmarthenshire ; Charles Stewart Maries, B.Sc., Egges- 
ford Cottage, Queens Road, Aldershot ; Norman Lewis 
Matthews, 45, Tyrwhitt Road, Brockley, b.E. 4 ; Robert 
Alfred Moore, B.Sc., 9, Coniston Avenue, West Jesmond, 
Newcastle -on -Tyne ; William Newton, Station Road, 
Wootton Bassett, Swindon ; Douglas Nor bury, Lyndene, 
Lansdowne Road, West Didsbury, Manchester ; Edwin 
Hart Nurse, B.Sc., " Southwold,” Lewis Road, Sutton, 
Surrey; Mehtab Singh Obroi, B.Sc., Gordon College, 
Rawal Pindi, India ; Leslie Henry Parker, M.A., D.Sc., 
"The Chestnuts," Church Road, Leatherbead ; John 
Paterson, 1, Rowallan Gardens, Glasgow ; Wilfred 
Stanley Pheasey, Second Corps, B.E.F. ; Alexander Park 
Porter, 157, Greenvale Road, Eltham, S.E. 9 ; Joseph 
Francis Pratt, 77, Hanbury Road, Pontnewynydd, Ponty- 
pool ; Ralph John Pugh, 99, Londsdale Road, Barnes, 

S. W. 13 ; George Thomson Puives, “ Thirlestane," 
Chryston, Glasgow; Dudley Ridge, 7, College Place, 
Brighton ;* Frederick Maurice Rowe, M.Sc., 5, Woodbine 
Terrace, Latcbford, Warrington ; Walter Salmon, 17, The 
Grove, Eccles ; Monte Ambrose Shenton, 15, Cedar 
Avenue, Weaste, Manchester ; William Ramsay Sibbald, 
5, Manor Road, Hoylake, Birkenhead ; George Smith, 
M.Sc., 33, Queen Street, Great Harwood, Blackburn ; 
Thomas William Southron, 32, Casseldon Hoad, Harlcs 
den, N.W. 10; Joseph Tavroges, B.Sc., 36, Grafton 
Street, Mile End Road, E. 1 ; William Henry Tomlinson, 
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B.Sc., Law Street, Turnpike, Waterfoot, Manchester; 
Walter Towse, Woodland Villa, Gladstonbury, Somerset ; 
Henry Marshall Webb, B.Sc., 63, Lancaster Gate, W. 2; 
Percy William Weston, 59, Grafton Street, Man- 
chester; Sidney Edward Whitehead, B.Sc. Eng., 92, 
Bristol Street, Birmingham ; Charles Williams, B.Sc., 45, 
Oakington Manor Drive, Wembley, Middlesex ; George 
Adamson Pemberton Wright, 36, Apsley Road, Clifton, 
Bristol. 

The following Certificates have been authorised by the 
Council under By-law I. (3) for presentation to ballot : — 
Bhaktabatar Banerjee, M.Sc., 26, Mogul Street, Rangoon, 
Burma, India ; Amulya Chandra Bose, B.Sc., Sakchi, 
via Kalimati, B.N. Rly., India; Louis Pierre Bosman, 
University of Capetown, Capetown, S. Africa ; Tarak 
Prosad Ghose, B.Sc., Dehra Dun, United Provinces, 
India. 

The following papers were read 

“The Dilution Limits of Inflammability of Gaseous 
Mixtures. Part III. The Lower Limits of some Mixed 
Inflammable Gases with Air. Part IV. The Upper Limits 
of some Gases, Singly and Mixed, in Air.” By H. F. 
Coward, C. W. Carpenter, and W. Payman. 

“ The w-Butylarylamines. Part I. The Action of «* 
Butylcbloride on 0- and ^-Toluidines.” By J. Reilly 
and W. J. Hickinbottom. 

u The « Butylarylamines. Part II. The Nitration Pro- 
ducts of »*Butyl />-toluidine.” By J. Reilly and W. J. 
Hickinbottom. 


SOCIETY OF PUBLIC ANALYSTS AND 
OTHER ANALYTICAL CHEMISTS. 

Ordinary Meetings December 5, 1918. 

Dr. Samuel Rideal, President, in the Chair. 

A certificate was read for the first time in favour of 
Mr. Cecil William Wood. 

Certificates were read for the second time in favour of 
Messrs. Robert Howson Picard, D.Sc., Ph.D., F.I.C. ; 
Lionel Guy Radcliffe, M.Sc., F.I.C. ; James Smith; 
Frank Edwin Weston, B.Sc. ; John Clare Newlands 
Eastick, A.I.C. ; S. H. Blichfeldt. 

The following papers were read 

“ Recorder for Estimating Carbon Monoxide in Inflam- 
mable Gases .” By Eric K. Rideal, M.B.E., M.A., 
Ph.D., and H. S. Taylor, D.Sc. The instrument 
described has been devised for the purpose of determining 
the purity of the hydrogen used in ammonia synthesis, and 
is of the continuous recording type. The method em- 
ployed is to pass the gas through a special oxidising 
chamber in which the carbon monoxide is catalytically 
a nd preferentially oxidised to carbon dioxide by means of 
a special supply of oxygen. The oxidised gases are 
wrought into contact with a constant stream of a standard 
B olution of lime water, and the carbon dioxide formed 
ecorded automatically by changes in the conductivity of 
[he solution of lime water. 

“ The Estimation of Phenacetin and other Parv - 
amino phenol Derivatives by Hypochlorous Acid.” By 
A. D. Powell. The author reviews the defects of 
methods hitherto in use for estimating substituted phene- 
tidin compounds, and proposes one based on the action 
between sodium hypochlorite and an acid solution of para- 
aminophenol. This method is described in detail, and is 
shown to be applicable to the estimation of phenacet:n in 
admixture with such substances as caffeine citrate, salol, 
and acetanilide, and also to other £-j>henetidin or 
p-aminophenol derivatives used in medicine, as well as 
developers in photography. Incidentally the estimation 
enables the author to distinguish between metol and 
metol substitutes. 


“ Effect of Morphine Concentration on the B.P. Method 
of Morphine Estimation” By Harold E. Annett, 
B.Sc., F.I.C., and Hardayal Singh, B.Sc. The 
authors have carried out investigations which show that 
the B.P. method, originally devised for the analysis of 
opium containing about 10 per cent of morphine, will, 
when suitably modified, give satisfactory results with 
smaller weights of opium down to one quarter that sug- 
gested in the Pharmacopoeia. 


INSTITUTE OF CHEMISTRY. 

Suggested Government Chemical Service. — The Council of 
the Institute of Chemistry desire to direct the attention of 
His Majesty's Government to the increasing and vital 
importance of chemical science in affairs of the State. 

The Institute, which has now been in existence for over 
forty years, is entrusted by Royal Charter with the duty of 
maintaining the status of the profession of chemistry, by 
prescribing courses of training for students of chemistry, 
by conducting examinations, and by the registration of 
persons found competent to practise. 

During the War, moreover, the Institute of Chemistry 
has been one of the chief agents for mobilising the 
chemists of the country both for technical service with 
the Forces and in the production of war material of every 
description. 

The Council submit the opinion that the time is oppor- 
tune for taking steps to secure for the profession of 
chemistry a position corresponding to that occupied by 
other learned professions, and they feel that much would 
be accomplished towards the attainment of that aim if, 
in the first place, adequate and uniform conditions of 
appointment were accorded to chemists directly engaged 
in the service of the State. 

The necessity for a definitely organised Chemical Service 
(both in peace and war) for all purposes of the State on 
which the science of chemistry has a bearing has long been 
recognised in the chemical profession, and representations 
have been made from time to time to ministers of State, 
Government Commissions, and other public authorities. 
As an example, it may be mentioned that, as the result of 
representations made by the Institute, the qualifications 
for appointment of public analysts under the Sale of Food 
and Drugs Acts have been determined by Regulations 
framed by the Local Government Boards for England and 
Wales, Scotland, and Ireland, under wh'ch the country has 
undoubtedly secured the services of a body of chemists 
bightly qualified in that branch of work. 

It may be pointed out also that the Department of the 
Government Chemist has been organised under a separate 
Treasury vote. Other departmental chemical establish- 
ments, however, have not been brought into linov and it 
does not appear that the position of chemists in the 
Government service generally is sufficiently understood 
and appreciated to obtain for them that measure of 
recognition which should be accorded to professional men 
of this type in the interests of the safety and well-being 
of the State. 

The Council of the Institute regard it as a first principle 
that the Government should take steps to remove the con- 
fusion (existing in this but in no other country) which 
arises from the use of the title 44 chemist ” by those who 
practise pharmacy. 

The Government have already, in effect, recognised the 
true meaning of the designation “ chemist ” by applying 
this title to the 14 Government Chemist,” the 44 War De- 
partment Chemist,” and the ‘ Admiralty Chemist,” who 
are not pharmacists. The Council feel that^ in the 
Government service the title 44 chemist ” should be included 
in the designation applied to all properly qualified 
chemists, and that it should not be used in the case of any 
other appointments. 

(The expression 14 properly qualified ” in this connectoin 
should be taken to mean chemists who have attained a 
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standard of competency at least equivalent to that re- 
quired for the Associatesbip of the Institute under the 
Regulations adopted in accordance with the Charter. 
Briefly the standard adopted for the Associateship of the 
Institute is that of a university degree with first or second 
class honours in chemistry, including systematic training 
in physics and allied sciences. This involves a technical 
training extending over at least four years, and one com- 
parable, therefore, with the training required for other 
professions). 

The Civil Service includes chemists engaged in research, 
in analysis, and in technological work, as well as those 
employed in educational work. This memorandum relates 
chiefly to the first three branches. 

Only persons possessing recognised qualifications should 
be eligible for appointment as chemists in the Government 
Chemical Service. Such appointments should be rendered 
attractive to those who have reached the required standard 
of efficiency. There should be no confusion between these 
chemists and their unqualified assistants. 

The Council suggest— 

1. That, as candidates should be required to produce 
evidence of qualification, the appointment of chemists 
should be based on a system of selection by properly 
constituted authority, and not by examination or 
nomination. 

2 . That the names of approved candidates should be 
placed on a short list, from which the heads of the respec- 
tive Government chemical establishments would them- 
selves make the final selection. 

3. That persons appointed a* chemists shruld be 
graded as Civil servants in the Higher Division, preferably 
as members of a professional division, if such be at any 
time constituted, with status, emoluments, and pension 
comparable with those of the members of other technical 
and learned professions employed by the Government. 

(It is further suggested for consideration that pensions 
should follow the lines of the insurance scheme of the 
federated universities, which has been adopted by the 
National Physical Laboratory). 

4. That, dependent on satisfactory service, the system 
shonld provide for certainty of promotion (with corre- 
sponding advance in emoluments) up to a definite tank, 
independent of the occurrence of vacancies. 

(Note.— t his is a necessary condition if men of the 
best type are to be obtained. A chemist should be con- 
stantly increasing in efficiency, and this should be recog- 
nised by providing for certainty of promotion as suggested, 
not necessarily to the highest rank, but to one securing an 
adequate salary to a married man, say, to that ol Principal 
Assistant Chemist in the scale outlined in (5) below). 

5. That suitable titles should be allotted to the different 
ranks of the Government Chemical Service, in order of 
seniority as under, the rank held by the head chemist in 
any establishment being determined by tbe size of the 
establishment and by the nature of the work carried out :— 
Chief Chemist, with, in ceitain cases, a special depart- 
mental title; Deputy Chief Chemist; Superintending 
Chemist ; Principal Assistant Chemist ; Senior Assistant 
Chemist ; Junior Assistant Chemist. 

6. That definite salaries and increments should be pre- 
scribed for all ranks of the •overnment Chemical Service. 

7. That tbe secondary staff, to whom tbe title chemist 
would not be applicable, should he classified as under :— 

(«) Chemical Assistants (Senior and Junior), who should 
be men of good education, but without full pro- 
fessional aualification. (On obtaining the latter 
the/ would become eligible for appointment as 
chemists and would acquire the status necessary for 
presenting themselves to the board of selection re- 
ferred to above). 

tb) Laboratory Assistants (Chief, Senior, and Junior), 
who should be capable of performing simple chemi- 
cal operations, assisting the chemists in the routine or 
mechanical parts of their work, fitting up apparatus, 
*c. 


(c) Laboratory Attendants (Senior and Junior), who 
would do the ordinary work of caretaking, cleaning 
of the laboratory and apparatus, &c., with prospects 
of promotion to Laboratory Assistant. 

Tbe Council oelieve that, apart from the direct advan- 
tage to the State which would accrue from such an organi 
sation, the recognition thus given to chemists by His 
Majesty’s Government would raise the status of the pro- 
fession of chemistry and incidentally contribute to the 
advancement of chemical science.— By order of the 
Council, 

Richard B. Pilcher, Registrar and Secretary. 


NOTICES OF BOOKS. 

A Complete Count of Volumetric Analysis. By William 
T. Boone, B.A., B.Sc. London, Glasgow, and 
Bombay: Blackie and Son, Ltd. 191S. Pp. vtii-f- 164. 
Price 36. 6d. net. 

This work provides a complete course of volumetric 
work for beginners assuming no previous knowledge of 
analysis. The earlier experiments are very fully and 
accurately described and the directions are particularly 
clear and complete. Throughout the book great stress is 
laid upon accuracy, and the student is urged to pay special 
attention to carefulness in manipulation and detail. The 
common expedient of introducing questions bearing upon 
the work at intervals throughout the text is adopted, the 
answers being given at the end of the book. The band of 
the experienced teacher is apparent on every page, and the 
students who use the book will find themselves con- 
tinually stimulated to thought and deductive reasoning 
while acquiring a well-founded knowledge of the principles 
and methods of volumetric work. While no particular 
novelty is to be noted either in the scope or details of the 
book it may be classed as a satisfactory specimen of a 
text book for the use of the higher forms in schools and 
junior college classes. 


A Short Hand-book of Oil Analysis, By Auoustus H. 

Gill, S.B., Ph.D. Revised Eighth Edition. Phil- 
adelphia and London : J. B, Lippincott Company. 

1918. Pp. 209. Price 15s. 6d. net. 

The changes made in the eighth edition of this handbook 
include a general revision of methods and data, as well as 
a description of some new apparatus, such as the 
MacMichael viscosimeter. The usual methods of analysis 
of edible and hardened fats and oils are described, and 
some additional teste for lubricating oils are given. The 
book is a useful introduction to larger works, and the care- 
fully described details of processes and apparatus make it 
a very suitable book for students who are beginning oil 
analysis. The technology of mineral as well as animal 
and vegetable oils is fully treated, and systematically 
arranged information is given as to the sources and pre- 
paration, the chemical composition, adulterants and uses 
of all the commonly occuring oils. One chapter is devoted 
to general considerations regarding lubricants and to tbe 
method of examination of an unknown oil. 


Annual Chemical Directory of the United States. Second 

Edition. Baltimore : Williams and Wilkins Company. 

1918. Pp. 534. Price 5.00 dols. net, post paid. 

The great increase in size of tbe 1918 over the 1917 
edition of this Directory clearly indicates the growth of 
American chemical industry, and as all tbe information 
given has been obtained from direct sources there is every 
probability of its being entirely reliable. Tbe arrange- 
ment of the Directory is perhaps exceptional, and is cer- 
tainly remarkably convenient. Chemical products of all 
kinds are first listed alphabetically, and under each heading 
names of manufacturers, retailers, dealers, agtnts, and 
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importers are grouped more or less geographically. These 
comprehensive lists are followed in Chapter II. by an 
alphabetical arrangement of all the names of manu- 
facturers and dealers. All kinds of chemical and en- 
gineering apparatus and equipment are similarly treated 
in the next two chapters, and then follow alphabetical 
lists of analytical and consulting chemists, laboratories, 
technical and scientific societies and publications. These 
lists include foreign as well as American names, and in 
every way the preparation of the Directory appears to 
have been most efficiently carried out. 


MISCELLANEOUS. 


Announcement.— Mr. Clifford C. Paterson desires to 
announce that he is terminating his appointment at the 
National Physical Laboratory, Teddington, and i3 joining 
the General Electric Co., Ltd., as Director of Research 
Laboratories as from January i, 1919. Pending the 
erection of the necessary laboratory buildings, the tern 
porary offices and address of the Research Laboratories of 
the General Electric Co., Ltd., will be at the Osram 
Robertson Lamp Works, Hammersmith. 

Royal Institution.— A Christmas Course of Juvenile 
Lectures will be delivered by Prof. D’Arcy Thompson on 
“The Fish of 'he Sea,” beginning on December 31 at 
3 o’clock. Courses of Lectures will be given before Easter 
by Prof. Spenser Wilkinson on « Lessons of the War ” ; 
Prof. MacGregor-Morris on “ Study of Electric Arcs and 
their Applications” ; Captain G. P. Thomson on “The 
Development of Aeroplanes in the Great War,” and “ The 
Dynamics of Flying ” ; Prof. Hele-Shaw on “ Clutches ” ; 
Prof. Arthur Keith on “ British Ethnology— The People 
of Scotland ” ; Prof. Norman Collie on “ Chemical Studies 
of Oriental Porcelain”; Dr. William Wilson on “The 
Movements of the Sun, Earth, and Moon” (illustrated by 
a new astronomical model); Prof. H. M. Lefroy on 
“ Insect Enemies of our Food Supplies,” and “ How Silk 
is Grown and Made ” ; Mr. Charles Aitken (Director of 
National Gallery of British Arts) on “ Rossetti, Whistler, 
and Sargent ” ; Prof. C. H. Lees on “ File Cracks and the 
Forces producing them ” ; Prof. A. Findlay on “ Colloidal 
Matter and its Properties ” ; Rev. Canon Hannayon “The 
Irish Literary Renaissance”; Prof. H. P. Allen (Director 
of the Royal College of Music) on “The Works of J. S. 
Bach ” with musical illustrations by members of the Bach 
Choir) ; Hon. J. W. Fortescue on “ The Empire’s Share 
in England’s Wars ” ; and Prof. Sir J. J. Thomson (Master 
of Trinity) on “ Spectrum Analysis and its Application to 
Atomic Structure.” The Friday Discourses will begin on 
January 17 when Prof. Sir James Dewar will give a 
lecture on “ Liquid Air and the War ” ; and discourses 
will also be delivered by the following gentlemen:— 
Temp. Lieut. -Col. A. Balfour, Prof. H. H. Turner, Prof. 
J. G. Adami, Prof. C. G. Knott, Mr. A. T. Hare, Prof. 
J. A. McClelland, Prof. H.C. H. Carpenter, Prof. Arthur 
Keith, Prof. W. W. Watts, Sir John H. A. Macdonald, 
and Prof. Sir J. J. Thomson. 


NOTES AND QUERIES. 


New Industries —In oar last issue the first query should read :— 
Mr. Iambs Crerar, 107, ClarkBton Road, Cathcart, Glasgow, desires 
informatioiu’r Fixation of Atmospheric Nitrogen (Gilmour a Patent). 
„__Second Lieut. J. R. Micklethwait, R.A. Mess, No. ia, Reserve 
Brigade, R.F.A., Newcastle-on-Tyne, desires information on the Syn- 
thetic Production of Ammonia and its subsequent transformation into 
nitric acid for agricultural fertilisers, &c.— -5055$ ,h*PP« r E. Dunns, 
No. 1 Company, Malarial Con. Camp, Larkhill, Salisbury Plain, 
desires information re the manufacture ot Oriel Paints and the Reduc- 
tion and Refining of Copper, Iron, Sulphur, and Uad Ores. Mr. 

Andrew Danks, Moasview, Netherburn, Lanarkshire, is in possession 
of special facilities and is considering establishing a factory for the 
manufacture of Calcium Carbide, and would be glad of any informa- 
tion regarding the same. Mr. W. C. Stewart, 101. Grove Street, 

Glasgow, desires information re the manufacture of Matches and the 
best lighting composition to put on the heads ; also the best sources 
of supply of same. 


1 Chemical News, 

1 Dec. eo, i0i 8 

; pO comply with Regulation 8 (6) of the Defence ol the Realm 
Act, advertisements horn firms whose business consists 
wholly or mainly in Engineering, Shipbuilding, or the production 
of Munitions of War, or of substances required for the production 
thereof, must include the words " No person resident more then 
ten miles away or already engaged on Government work will be 
engaged." 


phemist (46) desires Appointment, with 

v-/ Partnership or Financial Interest, with Agricultural or Analytical 
Chemist or Dairy Company.— Address, “C.46,” Chemical News 
Office, 16, Newcastle Street, Farringdon Street, London, E.C. 4 - 


/"''hemist (Hons. B.Sc. Chemistry), with 

Technical Analytical and Research experience, requires Post.— 
Address, S , Chemical News Office, 16, Newcastle Street, Farringdon 
Street, London. E.C. 4. 


r'hemist (B.Sc., Lond.), Hons, in Chemistry, 

^ and with Continental training, seeks Appointment as Labora- 
tory or Research Chemist. — Address, B. R., Chemical News Office, 
16, Newcastle Street, Farringdon Street, London, E.C. 4. 


phemist (19), used to analysis of Ferrous and 

Non-ferrous Alloys, Steel works, and general experience, seeks 
Situation.— Address, H. S., Chemical News Office, 16, Newcastle 
Street, Faringdon Street, London, E.C. 4- 


(CONSULTING CHEMIST.— Partnership in 

^ practice, or purchase desired by highly qualified Chemist.— 
Write Box 226, Sells, Ltd., 168, Fleet Street, London, E.C. 4. 

Ayf etallurgist desires Position. Research work 

preferred. Public school and University Training. Ex- 
perience in Metallography, Pyrometry, Heat Treatment, and Physical 
Testing of Aircraft ana Automobile Steels.— Address, M Metallurgist,” 
Chemical News Office, x6, Newcastle Street, Farringdon Street, 
London, E.C. 4. 


D esponsible position sought by Research 

A.X Chemist. Acquisition of monetary interest considered, or pur- 
chase of small works.— Write Box 227, Sells, Ltd., 168, Fleet Street, 
London, E.C 4- 


Desearch Assistant wanted in the Laboratory 

of an important Engineering Works in Luton. Experienced 
Metallographist preferred. State particulars of training and ex- 
perience, age, and salary required - Address, E. R., Chemical News 
Office, 16, Newcastle Street, Farringdon Street, London, E.C. 4- 


\X7ork8 Analytical Chemist required. One 

V V conversant with Soap Manufacture, Nicotine Extractions, and 
Agricultural and Horticultural Preparations. State full particulars 
and salary required.— Address, W. A., Chemical News Office, 16, 
Newcastle Street, Farringdon Street, London, E.C. 4. 


youth, 19 (Lond. Matric.), requires Situation 

I M Junior in Works Laboratory. Some experience in Public 
Analyst’s Laboratory.— Address, “ Peace,” Chemical News Office, 
16, Newcastle Street, Farringdon Street, London, E.C. 4. 


LECTURE ASSISTANT A LABORATORY STEWARD* 

\X 7 ell qualified LECTURE ASSISTANT 

V V AND LABORATORY STEWARD required for the CHEMIS- 
TRY DEPARTMENT of the Sir John Cass Technical Institute, 
Jewry Street, Aldgate Street, London, E.C. 3. Salary £ito per 
annum.— Applications, stating qualifications, to be sent to the 
Principal by December 3tat. 

FOR SALE. 

DUNGE CHEMICAL BALANCE, wilh Set 

13 0 f WEIGHTS. New condition. See* by appointment. — 
Andrew Kelly, 57, Chancery Lane, London, W. 


ORDER THE PAPER. 

In consequence of the “ Ho Returns Order ” of the 
Government, readers of the ‘ ( Chemical News” are 
requested to ensure a regular supply of the paper by 
placing an order with their Newsagent. 
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INDEX. 


ABBOTT, A., 11 Britiih Trade 
**■ with Brazil ** (review). 96 
Aberdeen University, 399 
Aberration*, primary monochro- 
matic, of a centred optical 
system. 114 

Aberystwyth, University College 
of Wales, 291 

Accident* in workshop*, factories, 
Ac, prevention, 365 
Acetaldehyde, crotonisation of, 
306 

Acid mizing, graph for, 217 
acetic, quantitative estimation, 
365 

benzoyl formic, nitration of, 96 
butyric, quantitative estima - 
tion, 365 

hydriodic, adUon upon cin • 
chonine, and its isomers, 
cinchoniline, cinchooigine, 
and apocinchonine, 287 
bydrob omic, a (ft 1 on upon cin- 
chonine, and its isomers, cin- 
choline, cinchooigine, and 
apocinchonine, 191 
hypochlorous, estimation of 
phenacetin and other para* 
aminophenol derivatives by, 
388 

nucleic, and its analytical ex- 
amination, 238, 353 
phosphoric, and magnesium, de- 
termination, 84 
in bone and blood fertilisers, 
178 

precipitation as ammonium 
phosphomolybdate, and esti- 
mation by a simple nitro- 
meter measurement, 227 
propionic, quantitative estima- 
tion, 363 

selenic, and iron, 130 
reduction by nascent hydrogen 
end hydrogen sulphide, 130 
sulphuric, and nitric, distilla- 
tion of mixtures, 24 
order of Ministry of Munitions. 
385 

Adds, aliphatic, of the mono- and 
dibasic series, relation be- 
tween the affinity values of, 
121 

relstive stability of halogen 
substituted, in water solu- 
tions, 98 
isatic, 329 

organic, neutral ammonium 
salts of, and their substituted 
derivatives, 208, 218 

Acidimetry of colour sd solutions, 

Actinium, tbs parent of, 103 

Acyl bydroxylamines, preparation 
from the oximes of «-kstonic 
acids, 24 

A fiica, Sooth, new enterprises in, 
83 


Aggregation, investigations deal- 
ing with tbs state of, 386 
Agricultural reconstruction, the 
Selborne report, 246 
research, gift lor, 213 
Agriculture, ten years of, through- 
out the world, 22 

Airev; J. R., Lommel- Weber A 
function and its application 
to the problem of eleCtric 
waves on a thin anchor ring, 
140 

Aitken, J , revolving 0 uid in the 
atmosphere, 70 
Alcohol and glycerin, 377 
from potatoes, 318 
Alcohols, aliphatic, preparation 
and hy drolysis of esters derived 
from, 110, 124 

Alkali metals, perchlorate method 
for determination, 196 
A ktline sulphates, combinations 
of acid zirconyl sulphates with, 
340 

of neutral zircon) 1 sulphate 
with. 340 

Alkaloid, new volatile, from broom, 
340 

presence of a non-volatile, in 
the broom 340 

Allcock, H , Orest Britain's in- 
terest in the metric system of 
weights and measures, 281 
Ailen, H. S., entropy of a metal, 
224 

suggestion as to tbs origin of 
spc&ral series, 131 
Aluminium, absorption of X rays 
in, 223 

and aluminium alloys, chemis- 
try of, 313 

and potassium salts, method of 
recovery from mineral sili- 
cates, 12 

metallography of, 316 
Alunite in Canada, 363 
America, investigation of pul- 
verised coal systems in, 333 
oil in the United States, 48 
' potash from kelp in, 204 
American practice in the glass in- 
dustry, 113 
Amide function, 329 
Ami os* obtained by catalytic by- 
drogeoation of aniline, separ- 
ation of the secondary, 119 
transformation of secondary and 
tertiary, int » nitriles. 23 
3*9 

Ammonia, absorption by charcoal, 
253 

and ammoniacal products, order 
of the Ministry of Munitions, 
211 

manufacture of liquid, 330 
ultra-violet band of, and its oc- 
cui rence in thesolar spsCtrum, 
7i 


Ammonium salts of organic acids, 
neutral, and their sobstituted 
derivatives, 208, 218 
sulphate, ferrous, violet rays 
and, 172 

Anderson, R. J., metallography of 
aluminium, 3(6 

Anemones, ACtinoloba dianthes 
and AdamsiapalUata,devel >p- 
ment of, 260 

Aniline stannicbloride, prep a- 
tion and properties. 346 
Annett, H. E , and H. Singh, effect 
of codeine in hindering the 
precipitation of morphine by 
ammonia from a solution of 
its lime compound, 203 
of morphine concentration on 
the B.P. method of morphine 
estimation, 388 

Anthocyanins and anthocyanidins, 
production, 237 

Antimony tri-iodide, new mets- 
atabis form of, 306 
Apparatus, coupled vibrations, 261 
fractionating, for petrol and 
volatile product*, 96 
laboratory, 166 
mobile snook. 94 

Arber, Agnes, and R. Beer. ( 5 f/ 
Beer. R ) 

Arcs, low voltage, iu metallic 
vapours. 386 

Argon group, relationship of the 
elements of, 156 

AriCs, B„ critical constants of 
mercury, 228 
Armstrong Co lege, <93 
Arsenite titrations of perman - 
ganate solutions, 369 
Association of Br*t>ah Chemical 
Manufacturers. 191, 273 
of Great Britain and Prance, 
«77 

of Metallurgists and Metal- 
lurgical Chemists, 119 
Atmosphere, revolving fluid in, 70 
ultra-violet tranaparency of the 
lower, and its relative poverty 
m ozone, 71 

Atomic weight, elements in the 
order of, 339. 35* 
of tellurium in relation to the 
multiple propoitions of the 
atomic weights of other 
simple bodiea, 183 
weights, international, 42 
Atoms and molecules, problems 
of stability of, 9 

Auld. S. J. M , enemy method* of 
gas warfare, 358 


r> ACHARACH, A. L„ two plant 
products from Colombia, Sou h 
America, 238 

Bacillus tetani, isolation and sero- 
logical differentation of, 93 


Baker, J. L.,and H. P, B. Hulton 
analysis of cocoa teas, 203 
estimation of shell in cocoa and 
cocoa products, 203 
Balks, C. W..and H. C. Kremers. 

(See Kremers, H C.) 

Bancroft, G. R., and W. A. 

Drushel. (See Drushel.W.A.l 
Bands, coloured interference, and 
the colours of tempered steel, 
222 

Bangor, University College of 
North Wales, 29* 

Barham, G. B , nitrate situation, 
112 

Barium, determination and separ- 
ation from strontium, 178 
Barton, B. H., and Mias H. M. 
Browning, coupled vibrations, 
261 

Batten, Dr., simple means of ob- 
tuning static currents from 
an ioduaion coil, 94 
Bauzil, M., determination of phos- 
phoric acid and magnesium, 

*4 

Battersea Polytechnic, 303 
Beams, carved, 129 
Bearbetry, fruit of the red, 234 
Beckiey, B. A , recruitment of 
chemists for the army, 71 
Beer, K., and Agnee Arber, oc- 
currence of multinucleete ceils 
in vegetative tissues. 269 
Belfast Municipal Technical In- 
stitute. «o$ 

Queen's UoiverJty, 301 
Berries, noo-adhesivity sod the 
dropping of, 60 

Bibby, J.. eleCtric stsel refining 
furnaces, 133 

Bilbao*. R. G , lunar and solar 
diurnal variations of water 
level in a well at Kew Ob- 
servatoiy, 163 
Biochemical Society, 332 
Bukbeck College, 304 
Birmingham university, 293 
Bismuth ores, bismuth metal and 
products therefrom, or :*r of ' 
Ministry of Munitions, 139 
Blackburn Municipal Technical 
School. 304 

Blake, G. R , and P. A. Gooch. 

( 5 rt Gooch, P. A.) 

Blakesley, T. H„ exhibition of 
uses of certain methods of 
classification in optics, 10 
Blasdale, W. C., ** Principles of 
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